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1. INTRODUCTION 

In this report we present listings of the source listings 
and a number of test cases to exemplify the use of the computer 
codes employed to calculate flows about 2-D inlets in a super- 
sonic free stream and to generate computational grids. The 
program that calculates 2-D inlets flow fields makes use of an 
implicit algorithm to solve the 2-D time-dependent Euler equa- 
tions (ref. 1). The mesh generation program (ref. 2) uses the 
algorithm developed in reference 3 to generate nonorthogonal 
grids. 

Problem formulation, mathematical framework and the overall 
logic of the programs are presented in a separate report (ref. 4). 
In the first part of this report we present the input data, speci- 
fication of initial and boundary conditions, operating instructions 
and answer listings obtained from the 2-D Euler solver for a 
drooped-cowl inlet. The test case involves supercritical inlet 
operation at a subdesign Mach number, M = 2.09. In the second 
part of this report input data, boundary conditions and answer 
listings are presented for the mesh generation program. Complete 
listings of the codes are given in Appendices A and B. 

2. THE CODE FOR THE CALCULATION OF 2-D INLET 
FLOW FIELDS (THE EULER CODE) 

In this section we present the input data, specification of 
initial and boundary conditions and answer listings for the 
drooped-cowl inlet (fig. 1) for which the design Mach number is 



r 20 DEG (INITIAL) II 

INLET WIDTH = 7.62 cm. 

INLET CAPTURE AREA = 58.1 cm2 

Figure l.- Isentropic-compression, drooped-cowl 
inlet configuration. 

MC‘3 = 3.00. Free stream conditions at Mco = 2.09 are prescribed as 
initial conditions. The incident ramp shock is captured by 
starting the integration downstream of the ramp leading edge and 
placing six points on the inflow boundary downstream of the ramp- 
leading edge shock. Values of flow variables at these locations 
are found from oblique shock tables (ref. 5). Initialization of 
flow variables is done in SUB.INITIA. 

The sample input data for the 46x22 grid is given in section 
2.1. The output listings from the computer program are given in 
section 2.2 and contour plots (obtained via a library subroutine 
at NASA/Ames Research Center) are presented in section 2.3. 

2.1 Program Use and Operation 

In this section we give a detailed description of the input 
information required to run a typical test case, e.g., calcula- 
tion of the drooped-cowl inlet. The initial field as well as 
values of various constants are evaluated in SUB.INITIA. This 
subroutine also reads the input data except for the last card, 
which specifies geometry and the type of duct-outflow boundary 
condition to be used. This last card is read by SUB.BC. We now 
list the input data cards in order: 
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Card No 

1 

2 

3 

4 

Format 

815 

715 

315 

8FlO.O 

Variables 

NMAX : 
JMAX: 

KMAX: 

NP: 

METH: 

IREAD: 

INVIS: 

IREGO: 

ISTORE: 

JTAILl: 
JTAIL2: 

IPLOT: 

IUPWIND: 

IOSCIL: 

LAMIN: 

CNBR: 

Maximum number of time steps 
Maximum number of points along 5, 
where 5 is the coordinate along 
the body. 
Maximum number of points along n, 
where n is the coordinate that 
crosses 5. 
Incremental number of time steps 
after which SUB.MAP is called. 
The function of SUB.MAP is de- 
scribed in reference 4. 
Flag for upwind differencing. If 
METH > 0, program skips upwind 
differencing. 
Option for grid system. If READ 
' 0, reads grid from disc (file 
number 3). 
If INVIS > 0, program accounts for 
viscous effects: if INVIS = 0, the 
calculation is inviscid 

If IREGO > 0, reads initial field 
from disc, otherwise starts from 
free stream conditions. 
If ISTORE > 0, solution data 
stored on disc (file number 4). 
First c-interior point, set to 1. 
Last S-interior point, set to 
JMAX-1 
Index for calling plot routine. 
If set to zero it skips the plot 
routine. Otherwise calls the 
routine at the specified interval. 

If IUPWIND > 0, skips upwind dif- 
ferencing. 
Not relevant to this implementa- 
tion of this code. Set IOSCIL=O. 
If LAMIN 2 0, calculates turbulent 
viscosity. 

Courant number; set to about 10 
(see ref. 4). 
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Card No, r 

4 

5 

6 

Format 

212 

Variabies 

DX: 

DY: 
FSMACH: 

SMU: 

EPS: 
RE: 

ALPHA: 

XOSCIL 
VARA 
VARB 
VARC 

LFAC: 

JAXI: 

x-increment used in SUB.GRID. For 
grid read off the disc set DX=O. 
y-increment, as above. 
Free stream Mach number. 
Pseudo viscosity coefficient. Set 
to about 10 times the time step. 
Used in SUB.GRID. Here set EPS=O. 
Reynolds number. In case of 
inviscid calculation set to about 
106. 
Angle of attack. 

Not relevant to this implentation 
of this code. For the inlet cal- 
culation set to zero. 

If LFAC = 1 outflow is subsonic, 
otherwise it is supersonic. 
If JAXI = 0 flow is plane 2-D, 
If JAXI = 1 flow is axisymmetric. 



Sample Input for Test Case 

22?2222?22i222??2222222222?2?2??222?222222222222~~222222~2222i222222222222~~ 
1:3:56. j i ‘2 . . ‘y 3; ‘2 ,j :g ;: ., ‘? ?C !’ 2: -1 :- -r -; .. :I :j !; !, :: 1. : .._ ._. .I 15 35 j: jl jj (1 :: 1: 4: 44 4: !: (‘ (* :. :: 5 I: j: $4 $5 50 I‘ :I ;I!; 5 3: :: j: 5: ~3 5’ (2 65 ;: :_ 
j33j3j33333j333333j35333333j3jj333333333333j33333 533j333333jjj333jjj3~33~ 

44444:444444444444464r4:4444444444444~~::464:44:44~4~44444::444~~4~:4:~44: 7 
1 2 3 4 : 6 7 P I 10 !I It 'I II 15 16 I, :, 15 :c 5: 22 :! :: ;5 ?I ;: ?,>,,C ?' 3: -- -. -. v .- ., _. __ ._ ,I I, (0 4, 82 a:,, 85 ,I 1: AL49 2 I: 52 :i II 5156 I. _. .i . . c, SIC* ;' j: j? (1 j: jj I' 6: (: ,g ? .. 
57 E5j555555555555555555555555~5555555555555555~55555555555555555~~5~~~~~5 

E6656656666666666666E6E666666656666666666666666~666666666E66666566666665 
I : 3 I 5 6 I I 0 1: i, 17 I, I4 :: li :: II i9 :a 2, 2: 23 :: 21 .E ;I 2119 1: I' :: 2, !4 ?5 ;I 3' lb 3 ,D I, 42 ,144 15 ,I ‘- 4. 4. _ .- . . 9 " '0 5' 5: !I 54 55 16 5: II 19 5: 6i i: s: :. 65 5: :. . . :: :: P :: 
l~~7il~l7illllllll~~l~~ 77llll77llllllilllllllllll~llllllllllllllil~lli~l 

aaa~~aaa2aaaaaaaaaaaaaaaaaaaa8~aaaaaaaa~aaaaaaaaa6~aaaaa~~~aa~~a~~ae~a~~ I * 1 4 : I I L 5 :t :, 1: I? II II ii i; IZ 19 :a ii 2: :3 :‘ 25 :E ?i li i3 30 :: Ii ?J 34 L I II Y 19’4c II 17 4144 <? 45 4. 4’ 85 50 5: 12 5, 54 5: j; !’ 5, 5 Ii I! il i: i- i: :: 6‘ 5, II :; F i; 
93599s9399s9999393”9591944”39594f99499”49s3393933333s933s9ss939~~s33~993 



2.2 Output Listings 

.3w!‘.t .I .! 

.L!i !..,l.‘, 1 

” I,,! I 

..I.. ‘- : . .: 
-a .a:: . ; 

.:,a ! * 
I. : 
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.31sa:c*o2 

.21362E1C2 
lb.W.‘C l O;! 

:IO;!.!‘JL.O1 
Wm.27f;X*01 

.23527E*Ol 

.27393EvC2 

.2103x*32 

.11939C*OL 
59e2xto1 

:1728X.01 
K- 11 

.2242x*01 

.2w9+c*o2 
1’634E*02 

:lo~sx*or 
.503r 7E*Ol 
. lW~cf*Ol 

K- 12 
.SW??F*Ol 
.2:/n*IL *c-I.! 
, f6rr*J Il.tlJ1 
.1007LL*O2 
. 5’WbcC .Ol 
.103t3EvOl 

K- 
.23::7E*01 
.2eZWE*02 
.lUl3’Jf l i), 
.1373+i*O2 

727’4RE*Ol 
:976blE.O0 

c- 14 
.25exx*o1 
.33’417E.O’ 
.2140x*02 

19,irGE*02 
:1116?E.O2 
.llTU7E*Ol 

.1’4rr !L .oz 
.YG...-i..c;l 
.37:.::E*Ol 
. ll32.Jt*G! 

K= 15 
.29b3lE*Ol 
.‘~lC83EvO2 
.275CAE*O? 
.2717LL*O’ 

IYPZYF l 02 
:17412F l Ol 

K= lb 
.352b2E*Ol 
.SSCYIx.*O2 
.3771GE*O2 
.462:9E*C2 
.33i’( 7E*O2 
.2825X*01 

K- 17 
.‘4333iE*Ol 
. 7387’iE*02 
.5;112x*as 

74b7h1C.02 
:61r53i*O? 
.L(LG3.5*01 

K- 1R 
. S’+b.:f Et01 
. lC17lx*03 
.BG315k*CZ 

.4876X131 

.66717E*O3 

.351~1C*O2 
.‘4’443~1E.O2 
.29:C:EtC2 
.2C1’49E*ol 

.B0178r.*Cl 
.91 li)%.*C” 
. 503arll:. CN-’ 

7173rL.I:z 
:s3573c.fJL’ 
.3C”4’E*Cl 

.31?;.:E.5’ 

762’IE*Ol 
:lJil!Ed!3 
.7’46 5JL*L! 
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.12241E*OS .1169E+OJ 

.llC7SE*03 .9>4?dE*o2 

.7799lC2101 .LlltW’>E*Gl 
It- 19 

?CW’K*Ol 
:l%X.;E*OJ 

.9055.IE*Cl 
1tJ75:t *;i 

.1219E*OS :11349E*05 

.2cc67E*OJ ,lYl;ef *CT 
,196r:E*O3 lL?GX*i;S 
.1322x*02 :slolrk.al 

K- 20 
.9r!2CLE*Ol .1:9SCC l 02 
.2017X l *;S .2/SjiA.*OA 
.lB7’3’r*o3 .175*!L*03 
.32YOli*03 SI’i1:t.OJ 
.W2?LE.03 :235:j3E*C) 
.2263X*02 .137.4JE*02 

K- 21 
. lZ,rlE*l? 
.2867’C*O3 
.29dClE*03 
.53911E*03 
.531’?E*03 
.J’)3i!i*O2 

K- 
.17%E*O2 
.WWSL 003 
.S2C37E*5J 
.10297E*o( 

1227PE*W 
:15172E*O2 

.2155rf .Cl 

.SCLn:E*L‘S 

. l(‘n:CE.34 

. 1’. : i. : i . .Y 4 

. ? 1 L : . I; 3 
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J.X.V.(O .+i-1.4). P/f’SI AT K - 
1 .17ocnx*o2 
2 
3 
Y 
5 
6 
1 
B 

1:: 

t: 

:: 
15 

f F 
ltl 
1’) 
CJ 
21 
22 
25 
2’1 
2s 
Tb 
? ‘I 
28 
27 

::! 
32 
33 
34 
35 
36 
37 
3d 
39 
40 
‘I 1 
‘1;! 
‘I s 
‘I’, 
‘I5 
‘16 

.tl:.,r-, *. a, 

. WI !..I t .,.I, 

.Ih:h,t I,,, 

.1!“11 .,1,1 

. 1 ! : ‘I t r,xJ 



P 
0 

.97617oE-03 .1’4268521’-02 .56’s’~‘tl!!:-(IJ 
MISS FLOU IMTE, t0JT- i16wc~o1 rlrk s II t’ 
Ctll:CK ON HASS FLO> ItT .I:6 

2 
.11~‘111.*11 .I 

RGSILWtL- 1lbY !C -01 
.976?015i-03 l’t2C51 ‘I:-02 

HAS5 FLOW HRTE. P&T- 
.5b!.a12!. I 05 

lIt~l‘X*i~l Ilf!i :~lLt’ 
CHCCK ON MS: FLOU AT J&A .113aL*C11 
AESIDUAL- .112bll:-ol 

. GLG~I? Shl II: 
llb~tvL*Ul Ilf’i 

Ctt[:CK ON t1A5; t-l OU Al J:6 
511 I’ ‘I 

.ll‘!~lbCID1 ‘I 
HESIDUAL- .lll’JCE-01 

O.? 

0’ 

L.! 

62 

C.* 

-02 

,C’ 

.O.! 

(I.! 

1; 



_-_-___ l_____..--- I..._____._ 1---_-__ -I-..-. __. .I _-___ 

.6576 - 

: 
1 
I 

a5725 - 
1 

I 

: 
I 

.4!37L1 - 
I 
I 
I 
I 

: 
I 
I 

.4023 - 
1 

I 
I 
I 
I 

.3172 - 
1 
I 
I 
I 

L 

L 

I 

I 

I 

. 

1’ ’ 
1 g 

.2320 ‘. * 
_ _ _ _ _ _ ,--..---- ;+, ------_ I--------. I_.... ___ 1. 

10.3Y 

* 

1. 

L 

. 

, 

. 

I 
I 

i 
1 
1 

: 
I 



.8956 

.1588 

.6220 

.‘(I352 

.Ylw 

.2116 

______ * _____--_. ,.----- --..I .____.... .l._.._- -....,----..- 
IL 

: CL 
I 

I’ : 
I ’ I 
- I 

I 
I ‘S 
I ’ 
I 

. 

:a 

: 

IV 
I 

:: 

: 

: 
-I 

: 
I 
I 

1 
I 

: 

: 

: 

1 

; 
I 

I 
I 
I 
I 
-. 

1 

: 
I 

, 1 

L 

L 

1 

------I---------I---------I---------I---------I---.-- 

6.613 9.096 lJ.lB 

ITER- 1 TIM- .O.lbl OT- .OOll 
MAX. TO1 AL ENTHALPV ER!t. - 5U.Ob:C AT FIHST lNDEX- 28. SECfJND INDEX- I. R.M.S. OF TOT. ENTM. EHR. OVER ENTIRE FIELD- 5.95%. 



6 
7 

.5241E*Ol 

.3381E*Ol 

.35‘12Etol 

.3b.‘,‘lE*Ol 

.372.‘C*Ol 

.373&JL*01 

.3/2’)f:*ol 

.3701t.*01 

.3653C*Gl 

.xM,C*Ol 

.3511E*Ol 

.3‘,~Hf:*ol 

.3r22t*01 

.S’IZrEtOl 

.3’107E*Ol 

.3337E*Ol 

.32?1L*Ol 

.SXuE*nl 

.29’/:f:*ul 
, ;!~I661 *I,\ 
, ;!r.n~Jl I Of 
. 360;‘1 *Ill 
. lfA’/1*01 
.2s!J(x*O1 
.276’4E*Ol 
.28SlF*Ol 
.29’llE*Ol 
.sm’~I:*Ol 
.3cH1C*Ol 
.32131:*01 
. 358W * 01 
.W,‘Jll, OIlI 
, 36 /.'I *4/i 
,331d *lJl 
.27L:t:*Ol 
.2307E*Ol 
.190dE*Ol 
.l:bbE*Ol 
.131nl:*Ol 
,12DIc*,l1 
. lZ(YK*Ol 

.2.243E*Ol . 7 56cf- to11 

.231LIt:*01 .73C’i*JsJ 

.23’;71:*01 .‘/;!llL*Ll) 

.2%3F*Gl 7U!,f. *la 

.2’~%.1.*01 :69olt *NJ 

.25iJiC*ht .G’j /:f *i;iJ 

.2Y,JtJ1:*01 .LLl'bf *i:O 

.A&IE*L~l .u.~Ci 1~3 

.2’161C*Ol .Lb’J7L*OiJ 

.2q2CK*31 .6GI;PCtOO 

.239~lc*Ol .GGb:i.*OO 

.23M,E*Ol .LLI?f’*M 

. C.? /if -rJl 

.‘jrh IL.-O1 
l.tl IL*l!(J 
1 !,I ,IW 

: l’ll.,i *..n 
. l’ltari 1-Y) 
.l:.‘li., *to 

16 3..r. *IX) 
: l-!&J 1 *;a 

131’)E*Cl -.?WfE*00 -.905x-15 
:l?J’,!..;:! -:/37,x.*00 -.cJosOE-15 

i.‘. :I ~8. 1 -. /.~l’:t:*~JO 0. 

‘.-...t.*Ol -. 719Lc*w 0. 
:i:u.~ .oi -.7tix*m .txlIOE-15 
.llh~t*iJl -.GJ:.:;t.*OO 16knE-1’1 

111~~1 *Cl1 -.thl’lf:t~!O :“:!!ltf.-15 
: 11 /‘I or:1 -.4.%:‘1 *oil 0. 
.llb.i:til -.Gh17EttlU -.eOl:E-15 
. 115:‘!‘*~.~1 -.t>‘g:!f*fJlj -:)9:iy:-lt 
. 1; vll *:I: -.c%‘.l‘.~:*I,o -.l!,7cC-ld 

11371.*.‘~1 -.L’J’/lt *I:0 0. 
.l::;.i .i~l -.l.?L’>f:*:~:~ 0. 
.I.II:E.til -. I-i.:; *<‘C -.lihlE-l’, 
.1~51L*Ol -.‘s/e!C*c’O .167N-l‘l 

ll’e4~*~1 -. /sLllf.*cd u. 
:l:!~lx.Ol -./lC’rC*“O - . lGZi!E- 1‘1 
.l’iJ:i l 31 -.Rl:‘:‘I*PO 0. 
.16%1 *I11 - .‘l;‘~‘.I‘*,Jo ~3”nh[:- 14 

.73xlE*flO 

.77BLE*@O 

.L)31’lE*Oi) 

.67l?E*OL, 

.B;)OIE*OO 
a’J:LrtOO 

:B~J;"ll.*OO 
.81X1 too 

eGl',I:*oo 
:Kllir 101) 
.n:!.~t-*30 

. nct::.t * OiJ 

.23:!1c*Ol .6btlX *Oil 

.2357E*Ol 7?iX *oo 

.2%31:*01 73s !I .cu 

.2325LtOl :tQl?E.CYI 

.227X*01 .bI:i!XtUJ 

.2l!%E*Ol , 7 IlId *co 

.21’101’*01 .tl I!,!31 *l~lJ 

.76:i~f:*c!c 

. 7.:o:,li *GO 

.6B;!‘l:*oo 

.h~.‘~t’+no 

.l, 5’) II t :10 

. !,‘n.“n, e(WJ 

. tl!,,, II *id) 

.;?lllf-*L/O 

.50/1t.*chJ 

.57loL*OO 

.tnrr3i*oo 

.63’lkE *CO 

.66?1! too 

. 61.7X I (Jo 

.72snf*oo 

. R 19;y t n/J 

.“,I.‘.‘, *,u, 

.lt/,'4 *IllI 

. /!a PI1 *inJ 

.Sb!'C*W 

.‘~27W*OO 

.297,x*00 

. 1 b I.IX *X 

.lOIlC*lM 

.(&?;~I -01 

.667X-01 

22 
23 
2’1 
2s 
26 
2) 

.;‘llf,f *01 , ‘I’, ?‘I, *,‘I) 

..','I.', *111 .‘W1’1, 1,111 

..‘l!,.‘,..lJL -. ;‘.,I! ,I 411 

.;‘1:9t.*c1 0. 

.21’lsF.*Ol .5:9:c,r4 

, I.,‘. ,I .,J,l ,u/:~/l’ 1:; 
- :)I’, t, .,!lJ .‘~‘JI!.I . I!, 

.;“lnill i/l - .:#l3X..lt 
~1‘Jc.f:cJl 0. 

:d/vlf*M~ 0. 

.‘,d 8:s i 01 
lb’,. [ .c’UJ 

1 fb /t.*tJl 
:lml:*L~l 

l”.el:*rJl . . . 
.ll:E’I.l~l 

l’,l.‘f *I:1 
1 I fij /I +;:I 

1 :,I:( ti .I. : 
.I'l'l"f *III 

1~11. 1 *I>, 
.1'4,l, BSll 
. 1’aQ I *I.1 
. lf.‘llL*lJl 

lt)l;itrOl 
:19Glf:*C1 
. l’rh if *Ol 
.L ,lJl !I *01 
. ;‘c;i’:t.. :Jl 
. x~o~~f. * 01 

2a 
29 
30 .ZlHbC*Ol .653X *Ii,) 

.2;‘?9r t&J1 .77Gla*UO 

.22LnC*ol . fJw7t t (IO 

.2J,‘.‘t’*ol . 7i.OU * ('0 

.Z3.lLL'*Ol .CI;S II. e hi 

.btJe.c~*oo 0. 

.W43lf:*WJ .15’,7E-1’1 

.917tC*C4 0. 

.U:'L; II. *C:J . l’l!+~E-1’1 

. 7llJ.!1’*lN -; lW,.X.-l’f 

.n;.lL.* *cd .6169C-l’f 

. t+l~.~l, *,YJ 0. 

.n:.~hl t1r0 0. 

.O“/‘.l 1,“) -.:4/:.r#f’~~l’, 
,H’.WI et91 0. 
.H’J’/lC*W .13/!JC-1’4 
.967X*00 -.13ti?E-l’f 
.99v?E*OO .‘flbSE-11, 
. lOl! t:*Ol .2063E-1’1 
. !01::1:*01 -.71OlE-15 
.‘j’,‘:t!f.*OfJ .l!cIE-1P 
.9937C*OO .3577E-01 

.7!Amt *oo 

.iq.‘~~.nci 
, I!, /‘I[ IIN1 
, /nlr,l 1,111 
ar,1n, ,I111 

:fwll DO3 
. 93’JC1.. C:O 
.YR:!;lt’*oo 
.1omt *cl1 
. llJf,hf *Ol 
.94 %I 1 co 

.3’~!61:*00 

151 
1 

$ 
L( 
s 
6 
7 
e 
9 

1’: 

.2lJlE*Ol 

.lb’l!k*Ol 

.15n9c*o1 

.lXOf 101 

.l~.O/~*Gl 

.ll;:Cl.*Ol 

. ll?W.*Ol 

1~~~11 *lJl 
. 11.;. ‘L *III 

11;’ il.*01 
!I,I’lL*Ol 

JIKOIII At/ 
.171hl.*O.! 
.2’l2x*cJ,’ 
.3007E*O2 
.‘i168C*02 
.tGCJlt*02 
. ~0T!!t’*O3 
.4?132E*03 
.3857L*03 
.'19'llli: *03 
.Y’J5’ll *[J3 
.5OPil *,JJ 
. 5;!3Ix to3 
.53%lL*O3 
.5SSfE*O~ 
.Sc’l7E*O3 
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2.3 Contour Plots of Velocity, Mach Number, 
Density, and Pressure 

VELOCITY VECTORS 
8-a IM u-u mur mm m Ml8188R 

Mm= 2.09 a= 0.00 Rc= 0.0 
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MACH CONTOURS 8-I IlLR Y-co mn mm mflL MIPimR 

Ra= 0.0 

48 



MACH CONTOURS 

3 
X 

r A 

M Q)= 2.09 a= 0.00 Rc= 0.0 
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DENSITY CONTOURS 8-s llun u4.R mm mm LCIL LoII81%4R 

CR= 0.00 Ro= 0.0 
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0 

X 
1. 

Mm= 200 

DENSITY CONTOURS 
ä -m mm u-am mn mm OAL mmmmm 

a= 0.00 Re= 0.0 
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.PRESSURE CONTOURS 
~~~~-ammmmmmw~m~rtrr 

Ret= 0.0 
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PRESSURE CONTOURS 
D-D mm Mm mrrr, nn m m11)1u 

a= 0.00 Re= 0.0 
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3. THE MESH GENERATION CODE 

In This section we present the input data, answer listings 
and plots for the inlet geometry shown in figure 1. The com- 

putational grid is generated as a 46x22 mesh. 

3.1 Program Use and Operation 

In this section we give a description of the input infor- 
mation required to run a typical test case, e.g., the 
calculation of a nonorthogonal grid for the drooped-cowl inlet. 
Various subroutines have been modified to accommodate a flexi- 
bility for input data for the present calculations. 

Input data is read by PROGRAM.MAIN in the following order: 

Card No. 

1 

2 

Format 

315 

8FlO.O 

Variables 

JWAKE: 

KMAX: 

MAXIT: 

XGMX: 

XGMN : 

YMAX : 

YMIN: 

XNOSE: 

XTAIL: 

Number of grid points in the x- 
direction in the wake including 
the trailing edge point. Set to 
1 for the present calculations. 
Number of grid points in the y- 
direction. 
Number of iterations to be used 
in creating the unclustered 
grid. 

x-direction coordinate of rear- 
ward boundary. 
x-direction coordinates of front 
boundary. 
y-direction coordinate of top 
boundary. 
y-direction coordinate of bottom 
boundary. 
x-direction coordinate of lead- 
ing edge of cowl. 
x-direction coordinate of trail- 
ing edge of cowl. 
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Card No. 

3 

4 

5 

6 

7 

8 

9 
10 

. 

. 

. 
54 

55 
. 
. 
. 

82 

Format - 

F1O.O 

4FlO.O 

F1O.O 

F1O.O 

A71 

A80 

2F10.0 

2FlO.O 

Variables 

XRAMP: 

DXl: 

XORG: 

YORG: 

ETAC: 

BETA: 

OMEGA: 

DY2: 

x-direction coordinate of lead- 
ing edge of ramp. 

Minimum y-increment on rearward 
boundary for initial conditions. 

Location on the x-axis of the 
special clustering origin. 
Location on the y-axis of the 
special clustering origin. 
Angle (in degrees), about which 
angular clustering is done. 
Parameter determining the 
strength of angular clustering. 
For equal-angular distribution 
set to zero. Otherwise values 
in the range 1 to 5. 

Parameter for Thompson solver, 
values between 0 to 2 recom- 
mended. 

Minimum y-direction spacing for 
final clustering. 

Title on each SC4020 plot resulting from 
each run. 

Description of the cowl. 

Cards 9, 10, . . . - All cards following 
card 9 contain in columns 1 to 10 and 
11 to 20 two floating-point numbers, x 
and yr respectively, which are coordi- 
nates of points on the cowl surface 
defining the airfoil shape. The points 
should be ordered counterclockwise. 

Cards 55, 56, . . . - Coordinates of the 
ramp, inflow boundary and outer boundary. 

It should be noted that the number of points in the <-direc- 
tion (along the body) is specified in PROGRAM.MAIN by assigning 
an integer value to the variable NBOD. We have further modified 
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SUB.OUTER such that it allows the boundary points along the ramp, 
inflow boundary and the outer boundary to be specified point by 
point. For each different geometry, these boundary points must 
be prescribed in SUB.OUTER. 
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Sample Input for Test Case 
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PaRntL1CH.5 

CARD NO. I: 

CARD tt0: 3, 
CARD NO. ‘t, 

CnftD NO. 51 
CWD NO. 6 t 
CkHD NO. 81 
cntto NO. 91 

fiIHFOIL POINTS AS fif.N) IN. 
h- 1 
N- 2 
tl- 3 
N- ‘I 
N- S 
ti- 6 
N- 7 
N- 8 
N- 9 
tt- 10 
N- 11 
II- 12 
N- 13 
N- l’f 
N- 15 
tt- 16 
N- 17 
N- 18 
N- 19 
N- ;!O 
)I- 21 
N- ?;! 
N- 23 
N- 2’1 
tl- 25 
N- 26 
N- 27 
)I- 20 
N - 2 9 
N- 30 
N- 31 
II- 32 
)I- 31 
N- Yl 
N- 35 
N- 36 
N- 37 
1. 30 
N- 39 
N- qo 
N- ‘i 1 
ti- ‘I2 
N- 43 
N- ‘IsI 

Yn- .WH’llf *IJl 
IO- . 3(,‘.l~Ll *(‘r: 



r 
N- ‘(5 XB- .9cJixoE*t1 VI!- 
N- ‘46 x0- . 1cH~Ci: *cJ2 YB- 

RIRFOIL POINTS AFlEfl RE:CKING. 
N- 1 
N= 2 
N- 3 
N- 4 
N- 5 
N- 6 
N- 1 
N- CI 
N- 9 
N- 10 
N- I1 
N- 12 
N- 13 
N. l’t 
N- 15 
N- 16 
N. 11 
N- 10 
N- 19 
t4- 20 
N- 21 
N- 22 
N- 23 
N. ?‘J 
tJ- 25 
N. 26 
N- 27 
N- 2U 
N- 29 
N- 30 
N- 31 
N- 32 
N- 33 
N- 3’4 
N- 35 
N- 36 
N- 37 
N- JEI 
N- 39 
N- ‘40 
N. ‘11 
N- ‘I2 
N- ‘43 
N. ‘84 
N- 95 
N- ‘16 

17. OKJCO 
14. Cnor!o 
ir.wouJ 
lO.w)C~W 

9. OOGOO 
cl. OOOLMJ 
7.50000 
7.25Oou 
7.12fAd 
7. OWOO 
6 . 8 ‘1500 
6.7:0& 
6.62:tX-l 
6. SW00 
b.3755L7 
6.25X0 
6.125ffi 
6.03ooO 
5.95m 
5.9Cwo 
5.87;~oo 
S.85UGO 
5. R’vioG 
5.nrnx, 
S.tll~.~X) 
5. UrJH(K) 

5.tNlGc100 
5.7Ylix) 
5. BO~JL’O 

5, a0ac:cJ 
5.Bl6wJ 
5. u30110 
5 u’l’roo 
5:a:uw 
5.87200 
5.9imo 
b.c%@ccl 
6.16IXO 
6.3fd03 
6 . LWOO 
6. WI 100 
7 , ofJI!oi) 
7. !J0050 
S . OoWr? 
9. ou&u 

10.4x30 

1 II - 
Yb- 
Yb- 
YO- 
In- 
Yll- 
fll- 
w- 
rn- 
1U’ 
lo- 
lo- 
10. 
lU- 
‘18. 
YU- 
re- 
lU- 
lH- 
Yll- 
lll- 
VH- 
YB- 
18. 
111. 

. 

:“,. 

It)- 
iu- 
lb- 
YB- 
Yb- 

1U’ 
111. 

lb- 
lB- 
1H- 
YU- 
VU- 
YH- 
rn- 
lb’ 
IIt- 
111. 
111. 
YO- 

B0~.r1i3AHY ON wWE AN:: AIHFOIL, 
xc 1. I)- 17 . bx!xJ I( 1. 
Y..; 2. 1). 1~4.Gr)~fX~ Y( 2. 
xc 3. I)- 1;‘.01.~,00 Y( 3, 
xi ‘I. 1). lO.OL4,W Y( L(. 
xc 5. II- 9. olJL:lo Yl 5. 
XC 6. 1). 8. OCXJCJG l( 6. 
X( 7. 1). 1.5Km Y( 7. 
Y.( 0; i,. 7.25wo vt 0. 
b. 9. I)- 7. 12biJO Y’( Y. 
xc 10. 1). 1.0501)0 Y( 10. 

6.RJ5M Y( 11. 
6:l!Jotlo Y( 12. 

XC 13. I>- b .6;!!.[!0 rt 1:. 
X( 1’1, :I- 6. f,(&nJ I( 1’4. 
Xl 15. 1). 6.37YX I( I!.. 

3. :!‘>I3 111 
3.Ci7“O 
3. .!3 !‘iO 
3.1!,!4HG 
J. 1611,O 
3. I.‘\!0 
3.!tilllJ 
3.CY.!ru 
' I,tl;!,'r \ 
i:rm.ao 
3.07.'10 
3. IX, MU 
3,id..‘I(J 
3.0; J’JlJ 

J fX ,,‘)I> 
3,i!df(.31) 
3.iJ~l::‘o 
3,r.!a.‘c; 
J.o’n.rlO 
3,Llr’l!i) 
3. 12 1.10 
3. 16’~ 11, 
J..‘l.‘li! 
3. .:5 I.‘li 



“x: :7 
19: 

::. - 
xc 11. 

iI 20. 13* ::- - 
I.( 21. 11. 
xc 22. 1). 
xc 23. :I- 
XC 2'1. l)- 
Y.( 25. 1). 
xc 26, 1). 
xc 27. ll- 
xc 28. 11. 
xc 29, lI= 
xc 30. ll- 
xc 31, 1:. 
xc 32, 1). 
xc 53. 1). 
Xl w. 1). 
xc 35. 11. 
XC 36. 1). 
xc 37, 1). 
xc 36. 1). 
k( 39. 1). 
xc ‘iC* 11. 
xc ‘Il. 1). 
xc It> 1). 
xc 4: 1). 
Y.:( 44, 1). 
xr '45. 1). 
X( ‘46. 1). 

6.25MW 
6.12500 
I. LWX! 
5.9 !Jow 
5. 9iAXi) 
5.8'/;,:Ji) 
5.8:ecu 
5. t)+dx 
5.6~OMl 
S.Hl6oO 
s. nLvlu0 
5. l3;h-xo 
5. -/'JL!OO 
5. nokx3o 
5. e3uLw 
5.81600 
5. bJDiJ0 
5. L)'l'llxl 
5. n'aoG 
5.87;!05 
5.9uxo 
bGo;x3 
6: lb000 
6.3LCi-N 
6. t OfJ:fi 
6.CWOU 
7.OoiwM 
7.5GGnI 
8. oooco 
9.cmmJ 

lO.‘l%Dcx) 

V( I’>. 1.1. 
Y( 11. 1). 
I( 18. 1). 
Y( 1’1. 1). 
I( 31!. 1 I- 
V( 21. I)- 
‘I( 27 1). 
I( 2.:’ lj- 
Y( a: 1). 
Y( 2s. 1;. 
l( i!L. ll- 
Y( 21. 1). 
Y( 2b. 1). 
Y( 29. 1). 
Y( 30. 1). 
Y( 31. 1). 
Y( 3.'. 11. 
I( 33. I)- 
Y( 3'4. 1). 
Y( 35. II- 
Y( 36. 11. 
Y( 37. I)- 
Y( 3n. 11. 
Y’( 3’1. 1). 
1( ‘10. 1 I- 
Y( ‘Il. 1). 
Y( ‘42. 1). 
Y( ‘13. II- 
I( WI. 1). 
I( ‘45. 1). 
Y( Yb. 1). 

EPSIL- 1.0095l~ fwo f’. . coota 

CPSIL- 1 .ci819'J fua I‘- . cmk:u 

LOVL'H PRR'I OF HT.fifildilIO UOtJI:[httl , 

xc 1. 1). l?.Oddod I( 1. 1). 

iI 1: 1 21. 31. 17 17.00000 . GUOW Y( V( 1. 1, ;‘I- 3). 
xc 1. Lo- 17.OOcaO Y( 1. IO- 
xc 1; 5). 17.oLmO Y( 1. 5). 
XC 1, 61. 17.rK!oc-l0 Y( 1. 6). 
Xl 1. 71. 17.Lxax I( 1, 7). 
xc 1. a)- 17.00000 I( 1. 0). 
xc 1, 91. 17.lxra? Y( 1. 9). 
xc 1. 10). 17. ochx~o Y( 1, 10). 

17.OGOoO 
17. axx10 
17.00000 

xc 1. l’l:- 17 . cKcO’> I( 1. 1’0. 
X( 1. 155. 17.00000 Y( 1. 15). 
XC 1. 16). 17. clolwo Y( 1. IhI- 
xc 1. 171. 17.00000 Y( 1. 17). 
xc 1; 181. 
Y.i 1. 191. 
k( 1. 201. 
xr 1. 21). 
xc 1, 22)- 

i7.oocL. I( 1; lb)- 
11.00cJLa ‘I( 1. l’>>- 
17.ocmoo Y( 1, 20). 
17.OOOi)G Y( 1. 21). 
17.owo0 Y( 1. 22). 

l.-?f.A f’Aft1 OF RCAR!4ivio uolJttnnnf I 
X( ‘16. 1). 10.‘1xl00 Y'( 'IL. 1). 

xc 46. 2). 10.L12w0 Y( ‘16. 2). 
X( '16. 3). lO.‘l,?030 Y( 96. 3). 
X( '16. '4 j- 10.'4L'00Ll Y( '16. 'I 1. 
XC ‘46. 5). 1 I) . ‘I xxx Y( ‘I(,. 5 I- 
XC '16. 61. lO.~?OUO l( 'IL. (~1. 

3 IlCHfirlOttl. 

5 1 If.rhl l(Jf11.. 



XC ‘16. ?I- 
XC Y6. a)- 
xc L(6, 9:. 
XC ‘16. lC)- 
XC ‘t6. 11). 
XC ‘16. 12)= 
XC ‘(6. 131. 
XC ‘16. 1’1 I- 
xc 46, 15). 
X( ‘16. 161. 
X( 46. 17)- 
xc ‘16, 16). 
Xl ‘46. 1’)). 
Xl 46, XI)- 
X( ‘46. 21). 
xc ‘16. 22:. 

CLU:Tt~-F 
ANGS- 

lCt.4iCOCt Y( UC>. 7). 
10.4.‘Mi-l I( NJ. aI- 
lO.‘IZ&3I Y( ‘lb. 5 ;- 
10.42oL!o I( L(6. Id)- 
10.%!c100 I( ‘16. 11 t- 
IO.‘tXW Y( “L. 1;‘). 
IO.‘iZ(‘EO Y( ‘lb. 13). 
lo.~l;‘i:rJG I( ‘IL, 1’1 )- 
10.‘wKw Y( ‘16. 1’21. 
10.4;!otd 
10.q2003 

I( 46. lLI- 
I( 116. 17). 

lO.L(2chxl Y( 46. lb)- 
lO.Y2WO Y( ‘lb. 19). 
lO.‘~?om Y( ‘16, 20). 
lo.‘Ixxm Y( ‘(6. .?I)- 
10.4r1lu0 Y( ‘lb. ;:.a)- 

xc ‘IS. 221. 
xc WI. 2;‘). 
k( 43. 2;‘). 
X( r2; 22). 
X( 41. 22)- 
xc ‘(0. 22). 
xc 39. 221. 
xc 30. 22)’ 
xc 37. 22). 
Xl 36. 221. 
xc 3s. 22). 
Xl 3L(. 221. 
Xl 33. 22). 
X( 32; 2::). 

X( 29. 22). 
X( 26, 22)- 
X( 21. 22)- 

;I 
ic 

2;. 2 
24: 

5:;. >I 
221. 

;E -1;; 5;;. 
? . 

xc 21: 221. 
xc 26; 22). 
L( 1Y. 2%). 
;I ;;. ;f;- 

iC 16: 
. 

221. 
xc 15. 22). 
xc 14. 22). 
xc 13. 22). 
xc 12. 22). 
X’ 11, 22). 
r.t 10. 22). 
k( 9. 221. 
xc 0. 22). 
xc 1. 221. 
A; 6, 22). 
;; ,“* 5;;. . 

xc 3: 22). 
X( 2. 22). 

S.oCXjol3 
S.LkW)flO 
2. !dxJcAl 
yw& 

::E%i 
1.300M 
l.CXXN 
l.OGCM.Kl 

::= 
l.ooonn 
1 .om.xt 
1. OuGin 
l.CO33O 
l.OOiBO 
l.OOCOO 
l.locao 
1.2mxl 
1.JcJ~oo 
1 .‘toooo 
1. wao 
l.6GoW 
l.ftimo 
2. otwlu 
2.3ocoO 
2.6CXXJO 
2.90000 
3.2woo 
3.6CCOO 
l(.tOGuo 
Y.5oGo0 
5. ccwo 
5.50000 
6 .rooGo 
6.SZ’XHl 
1. omoo 
7.50000 
8.OCJooO 
9.l-I0ln10 

10.w000 
12.00000 
1’1 . CUOCCJ 

i( ‘15. .‘3)- 
Y( ‘VI. a’.‘). 
Y( rJ. .-.‘I- 
Y( ‘I*?. 2“). 
I( ‘Il. 22). 
I( ‘IO. 22). 
Y( 39. 22). 
I( JB, 22). 
Y( 37. 22). 
I( 36. 2’). 
Y( 35. 2’). 
Y( Yl. 221. 
l( 33. 22). 
Y( 3.‘. 2.‘). 
I( ?l. 2;‘). 
;; g* ;‘;- 

, .!- 

;; 2;. 
Y( 26: 

;2;- 2 - 
22). 

Y( 25. 221. 
Y( 2LI. 22). 
Y( 23. 22). 
Y( 22. 2%). 
Y( 2:. 22). 
Y( 20. 221. 
;; ;;. 

. y;. 2- 
Y( 17. 221. 
Y( 16. 22). 
I( 15. 2’1. 
Y( 19. 221. 
Y( 13. 22). 
Y( 12, 221. 
Y( 11. 22). 
Y( 10. 22). 
Y( 9. 22). 
Y( I, 221. 
I( 7. 22). 
Y( 6. i’L). 
Y( 5. 2.‘). 
Y( q. 2ii- 

t lh. G’t . OJ 
t f/a- II.Sl 
L Il.- I’,, LC. 
t Ih- a!:Jl 
1. If\- 9L.M. 
Elk. 102.lir, 
E Ih- llrJ.:s 
Llh. llU.30 
tlh- IhJ.US 
f: lh- 133.7Y 
Elh- 1’ll.W 
ElA- 14’1. 29 
I IP- 1 !, I. (II 
t. r I1 - 114 . 111 
Llh. 1 I.!.:3 
t Ih- 1,’ ,..‘I 
Elh- lHt!.(JJ 
ETA. 115.17 
Irn. ‘L,r. 52 
E II;. 211 .;17 
Eli.. 219.’ : 
t rfi- .?:b If 
I’IF. L’3’l t>: 
t lh- i?l.‘.i h 
I rn- 2’.,1,ll1 
Llh. 2”,l. I5 
1. IA. A.‘, 51) 
t IA- 2:3...I, 
L.TII. 2hl.Ob 
t Tfq- 20*.7r( 
Llh- 2’16 .‘I9 
t. IA- 3rJt.;*r 
1: IA. 31l.W 
1 rn. 3!9.73 
t:11(. 521..ie 
L if+- J 3 i ;’ J 
t Iti* wz.9n 
E IA- 3!G. 12 
rrn- 3!,B.‘l7 

1’MI. 1li.i. ncl 
PtII- llC.5!. 
6111 - 118. !3 
t’tj: - l;‘6.c?5 
PIII- l!.I.‘lY 
p,t:- 141.54 
1’11 I- 1’4Y .‘,J 
1’111- 151.l’l 

Khi,!tl- 5.7920 YORGIN- J.OSLGO 

IlSll~I -1 
t.:,ll:l -1 
N’>I~81 -I 
NL1i.f -2 
h:ILt:-2 
N:ILJE-Z 
rr: I;$ -2 
NS’L, -2 
!. ,I; L.-Z 
‘,:.::SL.2 
‘.,lCE-2 
ti: I I*1 -2 
h’.lI I -i! 

t151:4 -2 
t4:1;+-2 
NSl!A -‘I 
N:,li f-l4 
N:;!L.i -‘I 
tr:ICE-‘I 
NSIl.4 .‘I 
tr51!it -.I 



SLIM Gl Ill: L.l:,illi :, - 
sun ot bf LIL!.i.’ 5 - . 
SIIH ct tIEC11”::~ll 5 - J 
SIIH 01. I~t.:Il.‘~‘;L : - 

:1,t4 01 RI 51::!:4 s - 
sun 01’ IX :I:.I.N 5 - 
SllH Gi- HI.~~I!J!jlll ‘d - 

,.i; t’~i’.*‘: 1. 
r.: I’,,..‘: I.,, 



SUtl OF HCSIDUkS - 
SW OF RESItun, 5 - 
SlJll OF IIC5ID:JAl.S - 
SUII ot- flL!nICLJKS - 
SL’tl OF Itt.'.;lXtlU 5 l 

SLM OF HL:ID,iti4 J - 
511H OF HI::lDUIU 5 - 
WI OF HE:IIl~JIU S - 
5l’M OF 1WSlOW, 5 - 
slm or H~:IlJ’JJu.S ” 
sun or I~CsItli:nl ‘I - 
5Utl OF fK5IL~lJlc.S - 
SUH OF fiE.SItJIJt~LS - 

sun OF N.:lL’i I4 5 - 
5llti OF liLSIlX!~ki 5 - 
SUM OF HE:IWk 5 - 
SW OF fttS1C~tW S - 
WI CF IK’,ICUl<S - 
5tJV 0)’ IILSIDL’J~;.; - 
Wl OF N.:It;Ll17:5 - 
SW CF hct:SICUlU.: - 
SLJII OF ~!ESICILJA: 5 - 
SW1 or HI.sIDL:k 5 - 
sw4 Or lt1’51~41lu : - 
SIJH 01' h1 '.IIu/U :; - 
sun OI HI:!bl~uJ\ - 
5lJfl Cf’ l,EI;,;X:;U : - 
SUH OF 1~1’. 1’3~hE.; - 
SlJfl OF hL;Ibll:l: 5 - 
SiJM OF f,f:!Odl S - 
SlJli OF RI SIbI:/.; : - 
SUM OF hL SIil:Jl< 5 . 
5LJH OF ~,L:Il’lli<.S l 

SUtl GF Ri:SIClti~ 5 . 
SLtIl OF ttl :I,W% 5 l 

SIM OF ItI S11;\111: 5 - 
SLJH 01' III ',ll4Jl~l ', - 
SlJll ot HI C.1i,w; 5 - 
SLJfl Of Ii, 511N:/d % . 
sun OF HI I.IIIUi(; 5 - 
SUH Of HIS1l~iJlU.C . 
SuH OF HL:~t’ulrr 5 - 
SUH OF Ilt. SIDt!N 5 - 
S,JM OF HI :,ID’lSS - 
SIJII Or IfL ::L,l:h: : - 
SUM OF ACSllN.;\; 5 - 
SlItI Of 111 :ll.lIl~: !, - 
SllH IN 111 **:l.\!l\i '3 - 
5llti Of 1st !.l~ll!lU 5 - 
SIlli GF Ii1 :11,w~; ‘; - 
SlJfl 01: Ht SIi~!lA: : - 

SUM OF I!l.‘::c’r: ‘. - 
SUM Of fcrsIb;:lx; - 
s1ttl OF rl~sIl~:1l.-.s - . 
ElIPI OF II[ S1;u.i: 5 - 
i! IIH OF Hl Sllrr.'u 5 - 
Sutl OF fliS~[,1!;~.5 . 
SUH O! l!~!,:l-k/l\, 5 . 
SUM CF 111 SIC~li\. > - 
sLJt1 Lb)’ Ill ~11l:l~~l 5 - 
sun Ok I~FslrJuJti 5. - 
SlJti Ot‘ Ifi :,I: I:;\; I> - 

sun CIF IrI.slLJmi 5 - 



son Of Ri:5IOlJAL5 - 
SW4 Of HLIIT’Jlc:: - 
sutl OF I!C5ID:r;u.5 - 
sun OF HLSz0u&.S - 
slni Of HtlCIwru s - 
5UM OF AC:IWfU.S - 
Stlti OF Nf 5IOuii1 S - 
5w Of HfS111d~-iLS - 
S1JM OF ftt : lO!JJ+l S ” 
5lM OF ttl 5111tJhL S - 
sutl OF Ht SlWII(’ s - . 
St/t4 Of Hi: I tXJk< S - 
SlJH OF Hk.:I@:lh: 5 - 
WI4 OF Rt’lCLJPI 5 - 
sun OF H(‘SxvuflLS - 
WI OF HE;IOrNS - 
sun Of HLS1DLll;i.S - 
sutl OF HC!J 1 OUJU 5 - 
SbTi OF fl1~SIG~W.S - 
SlUl OF WfSlirllhl.5 - 
sun Of 1f&~:IDII~u. ; - 
WI Of RLSIDiJUS - 
SUH CF ltLSlG~‘hl 5 - 
StJt! Of f!l..iILjl’lU. 5 - 
SIYI OF KLsIvlJtL s - 
SUH Of IIL!iIL’lJliLS - 
SUH OF RESIP’JIUS - 
sun Of rit5ImuS - 
sun OF RESrvuALs - 
sun OF Hc5z1’Lvll.s ” 
SlM OF RI !,It,lJlU 5 - 
Wll Ot Ht 51(+1JK !i - 
SUM Of Rt:IlJIJtd 5 - 
SlJH OF hC :ID;ItU 5 - 
SW OF ItES~DLlnI.5 - 
SIJH OF F~fSIOWU 5 - 
SJH OF Rt:SIUtr~~ 5 - 
Sf?H OF 1!1.5I~~~lt1: S - 
Slltl Of trt :lolriu 5 - 
SIJH Of 111 5 ZlWU : - 
SkJPl Of- Hl 51Wt~( ‘1 - 
Sutl OF IIt >IUclk 5 - 
sufl ot tIt’5:l~:lics - 
SlPl OF HtilU!i’d S - 
SLIM OK t!L s:P:!itl 5 - 
SUH OF hl 5zL’:i41 5 - 
5rn CI‘ HI 5:r~l’tLi 5 - 
sun Of trt ::L‘c;i-li.5 - 
StJH GF t\t’ 51 :,I II, ‘; - 
SUM ot kt :[Ilr//‘l !, - 
SIJH OF I(( 511;l.r‘: : - 
5UN OF 111 ;11’lJ)‘; r. - 
SUH Of Iif 5 1 I UK : - 
SW4 OF tlt 51LLJiil 5 - 
Sun OF Ht- SIP;!& I; - 
%Jt! OF Ht-SIC~Wi S l 

Sutl OF l1E.SlD!.‘k.5 l 

sun Of I![: 5:::liN. 5 - 

sun @f I!l;s!xlt‘i 5 l 

931 Of hr :I! cr,l, *, . 
Sun CF I<[ ‘1 I:.! !A; S . 
SUH GF KI 510 I)‘, ‘I - 



m 
W 

SUfl OF HL:IDuN.S - 
SUtl OF RtSlixllt : - 
SlJfl OF fd3xm.s - 
Sun OF fK5:CUX.S - 
SUtl OF HL‘SIIXJ.~ 5 - 
Sufl OF HLSIDLJIU 5 - 
SLIM or HCSll>LJhl 5 - 

Sufl OF HC.:I(;ukl.S - 
WI OF Ht’SlL~li: 5 - 
SIYI OF tx:IL’uk 5 - 
Sun OF HESIDi:tX 5 - 
SUM OF RF.SlDLJlc.: - 
SUH OF fttSIl.\Jl’iLS - 
SUM OF fict‘ 5 IOuIu 5 l 

sun OF I~[‘511~llK!a - 

SUM OF tlt.CILIJJLi S - 
c SUM OF ttI:I.::~lliU ., - 

SLlll Of ItE:I;r.ItU 5 - 
SLJtl OF f~1.:1C;;JAl.S - 
SUM OF RLIILIWU 1. - 
SUM OF flES1DLMu.S l 

sun OF HF51D1JR.S - 

SlyI OF Ht’:IDlJN:. - 
SUM OF HCL;I3lJAlS - 
SUM CF HCSIDUlYS - 
SIJfl OF IXSILILJNS * 
SlM Of Hf SIDLJkS - 
SLJH OF NESIDl:I~l 5 l 

SW4 OF HCSID!Jh 5 - 
SUH OF Ht.SltlJiJ S - 
SUtt OF fK:IDLliUS l 

SW OF HLSIDIJIU.S - 
SUH OF At SIDiJAi 5 - 
SUfl OF HL:SICURS - 
Sun OF ftt.:IDl~N 5 l 

Sun OF HtSIDUHS - 
Sun OF fICS1DuN.S - 
SUM OF RES1DIJIU.S - 
Sun OF ltf:5I~L’N : l 

S!Jtl OF ltl.:>:I.;li4.S - 
SIIH OF llES1~:uA.S - 
SIJH Ot RL SI3l:N S - 
SUH OF Hf.:ILLiU : - 
SUtl OF ItC:I[;uii;.S - 
SUtl OF tC’SID:llU 5 - 
sutl OF HC ;ILuh 5 - 
SLIH OF Ill s:L’uI~l. 5 - 
SIIH OF t!I SID’;;l: S - 
sun Of ICI ::tom..5 - 
SUM OF tit Sl [I! iii. 5 - 
SUfi CF flL:ll;i:~C.‘~ - 
SlJti OF f<ES ILLJJti. S - 
SIIII OF t,CI,lI~!:ll: 5 - 
51111 CF HI ‘,ILJIAI 5 - 
511t.l OF t(1 5 lDl.Jik: - 
51tH OF H1’SIt.u;< S - 

Swl OF Ht:IOUAl.S - 
~llti Of HESIL~iLtS - ., 
SUtt OF IlI.S:D\Jh: 5 - 
SlItI Of tll I.llt\:Ju !I - 
sun 01 ti1 ‘.lIll~l~i 5 - 
51114 OF tI~.5lL~:JJ~l 5 - 
SUM OF ftrslclli~ 5 - 
SUM OF fll 51D!!.U 5 l 

:1Jli Ot’ 111 SIDLIIII S - 

Sutl OF I(1 SII~IJN S - 
SUM OF II~.:ILuIL 5 - 



4 
0 

SUM OF AES10LJP15 - 
5clr-I OF ftESI;t!Jk,.5 - 
sun OF I!cslt~~lii:.5 - 
SUM OF hL>IcIJh: 5 - 
siwl Of Ill :IlIl!iu 5 - 
sun 01 Ml ‘.lL!IIlU 5 - 
S/H oc 111 !.ll~l:Jll 3 - 
51111 OF Hl.:IL~lJl\1 S - 
SW OF RKSlGWil S - 
SUM OF HL:ILJuM S - 
SW OF l~E;If,:!l.! 7 - 
SUM OF t!l.510::iL L - 
SlItI OF fitSIL;:JJd S - 
SUM OF f(fSI?:IAt S - 
SLIM OF liL.‘*11’ll,~;.!l . 
SUt! Ot (11 IIL’LJ;!l 5 - 
SUM OF ML ‘~Il~tllil 5 - 
sun or ftt:ltJllr~: 5 - 

SW OF PLS1CW.S - 

sun OF mwun~: - 
surl OF fil:51tJlli\l :, - 
WI CF lILS1i~L~tk5 - 

5;rn Cf Hi SiiJl Jhi 5 - 
SlIti Of’ I!1 :lt~111U 5 - 
51111 Of’ hl. 5111UJI1 5 . 
SUM OF HLSIOLJJU 5 - 
SUM OF HCSIDWLS - 
SIJfl OF fft5IDt:J.l.S - 
sufl CF. rtt SrntJiu.5 - 
yLJ gf: I;; slx;1’;; - 

. 

St111 OF fit :;I;>JU.‘; - 
SLIti OF HL SICNJhl 5 - 
SlJH Of’ Ill ‘*lllllrll 5 - 
5Ul1 01 Ill ‘. 114 IN *I - 
SUM ot Ml :IlrlJN !I - 
3UM OF ItI.L.ll~lIN !I - 
SUM OF fiT;ll:l~,i~S - 
SUH OF ACSIL’LJIU S - 
sun OF Ii1 513m I, - 
SUM OF IN 5 1151 +I I, - 
SUM Of HI S ll!ljrl. 5 . 
SUM OF ftL:ll~lJJJ 5 - 
SW! OF RT SILGJJ~I 5 - 
SIIM 01 111 !.l[IlIJU : - 
5IlH 01’ 111 !, II,1 Iru 5 - 
SlItI Of I~I.!,IlIIIJ~L :; l 

StJfl 01’ IiL SllJI,J~I , - 
SlJ!i OF tlI.SIDIJkl 5 - 
SUM OF IlCSIDlJnI 5 . 
SWI CF f~tS10:!11l.S . 
SlJH OF HE:IiZ3ri.S . 
Sun OF RCSICURLS . 
SLJH OF ht:IL;IJfd 5 - 

SUM OF KC SIT4JAI .i - 
Slltl OF fKsIr~:JJiL c - 
SUM OF fti:SI~ui~.: - 
SI.,ti OF HI. :I D! l/d :; . 
SUM 01, 14 ‘.lI’llJli \ - 
SlJ11 Of’ Ml :,,‘l,,l, ‘a - 
!alJH @I td :~114,1\l > - 
SJH OF tll 51LNrll I - 
SW1 OF ftL SIOOAL 5 . 
sun 01: fw51:m 5 - 
SLIM OF ftLS’;ilJiU 5 . . 



WI OF RC:Il>ufkS - 
SUM OF Rt.>li)W 5 - 
SUH CF RESll=dl.S - 
SUH OF flE:::~;~fil.S . 

SIJH OF HE SIL;!lrY 5 - 
SUH OF 111 5:OiKS - 

SLIY OF fiL:IlJal 5 - 
sun OF HCSIL~‘IR.: - 
SUM OF A1 SlkJAi 5 - 

SUM GF tfL:Iuliu 5 - 

2::: g: ;:::~:::: : 
SllF OF kf.Sxk~!X.S - 

Sin! OF RC:IDlJP: : - 
SUM OF lil::IGL:XS - 
SUM OF I1t.S:DUNL.S - 
Sun OF I’EI;IDUh.; l 

WH OF fl1 SilJilfd 5 . 
SUM CF 14 :ll~rt\L : l 

SlItI OF f’t.:IldJhl 5 - 
sun or rcf SIDLJILS - 
SUM OF HESIDUfi:5 - 
Sun OF IKSIDL~AI S - 
SUM OF llESI!WM 5 - 
SUtl OF hl:SlDUAI 5 - 
Sutl OF ~~LS:OIIA:S - 
SIJH OF 141 5111lI,Q :: - 
SIIH nt 111 !#aIlLIII; !I - 
SLH 01 I(1 510111u : - 
SW OF Hf :lGclr<:.:, - 
sum or HESIDVIU.~ - 
SUM OF Hl Sli.!JiU 5 - 
SUH OF HCSIWH: 5 - 
SIIH OF HESilXkS . 
SW OF RI SILUR 5 - 
SlJtl 0)’ Al 3lOl:ni S l 

SUtl OF ht.SID:rfk: - 
SUM OF HL:IDLJ&S - 
SUM OF HE:IiXJf’l 5 - 
SCM OF RL~IL~UNS . 
SLIM OF f!I:S13!Jhi.S - 
SUM OF tkSlb;i\LS - 
SUH OF Ilt::[~~JA;.S - 
SLJfl 01’ HI i.IlA,K !a - 
5llt.l ot- tIl’.IL~~:lll *I - 
WI OF 14 >ILll;/l: s - 
SuH OF Iii. SItWll !J - 
SUM OF HF.C~LXNS - 
SUM OF flISIUuA:S - 
91ti OF IlLSIGuht 5 - 

SWI OF Hl !,llX:t\; 5 - 
!&n or RI ~lcII11~.5 - 
SUM OF Hi.SID!JIQ 5 - 
WI1 OF r.fs1Dmi.s - 
SW OF tiLsIDm 5 - 
sun OF llrSIDL:A:s l 

51~3 Of hL:ilf~lNS - 
SIllI OF ret !;lLIIlru 5 - 
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!/,i I!i?r.1,(.‘:. 
5:s Illrr.l:lx’.‘., 
::I.3 1!1b+l.L’,‘.. 

f.1,‘. 
‘,I. , . 
;‘a: . 
b’* 
:‘I.. 
r’s’. . 
c’s:. 
b’s,. . 
,‘.‘A:. 
3’i 
0’6’. 
C’r’ 
C’.‘. 
Ii’,‘, 
i.‘.‘, 
;‘a., 
/1’I 
5’. 



SUM OF RESIDUALS - 
SLIM OF RESID1IA.S - 
SW OF RCSIOUALS - 
SUM OF RESIDUALS - 
SUH OF RES1DLJAI.S - 
SUM OF RESlDUN S - 
SlJH OF RCSl1XN.S l 

SUM OF RI !; I (;\lN 5 - 
SUM OF ItI ‘.I 5IlrU 5 - 
SUH OF RI :;ll~ulcLS - 
SUH OF RE:IDlJAl S - 
SUfl Of RCSID(JN.5 - 
SUM OF HESIWALS - 
SUH OF RiSlCN!A:.S - 
SUtl OF HI SlDLJJG 5 - 
SUM 01’ I(1 : ILJLJN S - 
51111 01; ltl !,Il,llN S - 
sun OF HI :,1Ll11111 s - 
SIXI OF Ici.;iolJ;u.s - 
SLJM OF RC5IDUN.S - 
SUfl OF RESIGUALS - 
SUM OF RESIDUALS - 
SUH OF RIY~~IDtlN; - 

SUH OF RL~IlJiJAl 5 l 

SUM OF RLSIOUHLS - 
sun or RCSIDIJM 5 - 
sut~ or I~CI;~I~LS - 
SUM OF HLS1D~lN.S - 
SUM OF RESIDUALS - 
SUH OF RE5lDUALS - 
SUH OF RESIDUALS - 
SUM OF HECIDL!N.S - 
SUH OF RC\IDIIA: S - 
SLIM OF AE’;IDUI+I. 5 - 
SiJH Of RCS1CJCJd.S - 
SUli OF Ht.SIGUAl.S - 
SUM OF Ict.51DUN.S - 
SUfl OF RL 51DLlAl.S - 
SUH OF Rt.:IDUAl.S - 
SIJH Ol- III SIDlJr\l.S - 
S(JH OF lW r,lDUAL.S - 
SUH OF Hi SlDUlU S - 
sun or ~~~X:IDIIIC * - 
SW 01’ RF!;:DLJdS - 
SU.9 OF Ht:5lNJKS - 
SLIM OF 11C; 1l~LlJ~l.S - 
SllH OF l!f 5lDUl~l.S - 
SlJH OF t1!5llYJAL5 - 
SUH OF Ilt.5lDIJfiLS - 
SUH OF RLSlDlJR1.S - 
SUM OF HLS1tXIfd.S - 
SUM 3F RF.:IbLJN.S - 
SUM CF tkSlWN5 - 
SUH OF RE!~I~JLIN S - 
SUH OF hES13!11~1 5 - 
SlJM Of’ li1’:.I(IIlI\l 5 - 
!dJll 01 ItI :.1l~llN 5 - 
SLJH 01’ Ill.:ll~;Jld s - 
WI! CF Id :lUllnr 5 - 
SLJH OF HC‘;IDlJN 5 - 

SUM 01’ RC: ll,!~d 5 - 
SlJll OF Hi SI’XJIU 5 - 
SlJti (‘I: i!L::lDlGl 5 - 
SUfl OF Ift < IOW4l. 5 - 
SLIM OF ‘!I’51:JiJhl 5 - 

SUM 01: 111 :IIJ’JN 5 - 
:un OF HCSIDL!fU.S - 
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SW OF RESIDLJRLS - 
SUM OF RESIDWLS - 
st.lll OF RLSIDUNS - 
SW OF RESIDUALS - 

SUH OF RECIDUNS - 
SW OF RESI0UfU.S - 
SLJH OF ACS1DLvU.S - 
SlJfi OF RESIDUALS = 
SW OF RESlDUtY S - 
SUtl OF flI::IDIJ~~S - 
SW OF RE:IDl!N S - 
SW OF Rl:SIDLJIUS - 
SW OF RE SIOUALS - 

SUM OF RfSIDUNS - 
SUtl OF HC:IDUIC.S - 
SUM OF RECID(JI!LS - 
SlJH OF l’c:iDUti S - 
SW1 OF RL:IGIII\L S ‘- 
SLJti OF RLSIDLJXS - 
SUM OF Rf’SIDUNS - 
SlJtl OF RESIDLlALS l 

SUH OF RE:ID111?;. - 
SLJH OF lf1.SIDIJ!U.; - 
Slttl OF llL5IDUIYS - 

StJtl CF RLSIDUMS - 
SUH OF RESIDlJt3LS - 
SUH Ot- RESllilln~S - 
SLIH OF R~~I~J~VU S - 
SW OF RL’;IIMJ~II S - 
Sltti OF ttt:~llJLJI\LS - 
SUM OF RE’I5L’I\LS - 
Sufl OF ttl:SxDI!lU.S - 
SLJfl OF Rf.SICXJIU.5 - 
SUtI OF HESIDUNS l 

Suti OF RESlDUhl.; - 
SUM OF RES ICJLJA S - 
SW OF HESIC~JHLS - 
SUM OF HI’SIClJhl S - 
SUM OF RI SIDUAL 5 - 
SUII OF RC:IDLJfU.S - 
SUM OF RESIDUALS - 
SUH OF RfSIDU0t.S - 

SUtl OF RI.SIDLI!tLS - 
SUH OF RI- SIDtJk S - 
SW1 OF RL’SIDlJlc1.S - 
SLIM OF RtiIl,Uhl.5 - 
SLJti OF IK5:DUALS - 
SUM OF RE.SIDl;ALS - 
SLJH OF Rf5IDlJlU S - 
SUti OF RESIDUIYS - 
slJn OF RCS1DLJIU.S - 
SUH OF Rt:SIbuALS l 

SLJH OF fiESIDUf4LS - 
SUM OF HES1ClJAl.S - 
SUM OF RCSIDU~LS - 
Sl/H OF tit’5II~liU 5 - 
Scti OF RES1DUN.S - 
SLIH OF RfSlDlJNS - 
SUtl OF hLSIbLJALS - 
5UH OF tICSIDLJA1.S - 
SW OF RCSIDUAI.5 - 
StJti OF RESIDLJN S - 
SUM OF fiESIDuli:.S - 
SUtl OF tIESIDLIW.5 - 
SLJfl OF RfSIDl;J?LS l 

SUfl OF iK 51[MU.5 - 
SLJH OF Itt:SINJIUS - 
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SUM OF RESIDUALS - 
SUtl OF RESIDlJAiS - 
SUH OF ACSIDuALS - 
SUM OF RESIDUALS - 
WI OF HESIDUAiS - 
SUM Of RESIDUALS - 
SUH OF RESIDUALS l 

SUM OF RESIDUALS - 
SUll OF HCSIDUALS - 
SUH OF HFSIDUALS - 
SUM OF RL51DLJRI s - 
Sun OF RfSIDUAlS - 
SUli OF RESIDIJALS - 
SlJtl OF RFSIDLJALS = 
SUtl OF Rt::IlJLJJ’.kS - 
SUll OF 1lfSIi~lJill.S - 
SUM OF l~l.‘.1l~l~IU 5 - 
SlJtl OF RtSIDIJHLS - 
SUfl OF HESIDUA1.S - 
SUM OF RL::IDUlUS - 
SUH OF AESIDUALS - 
SUM OF RESIDUALS - 
Sun OF RESIDURLS - 
SUfi OF RESIDUALS - 
SW4 CF RESIDUALS = 
SUH OF RESIDUALS - 
SUM OF HLSIDUALS l 

SUH OF HESIDIJN 5 - 
sun OF f~l::IDlJ/U.S - 
SUK OF Hf~1lJtII4I.S - 
SUM OF HC5lDUALS - 
SUtl OF ItESIDlIALS - 
SUM OF Rt.SIDWU.5 - 
SUH OF Rf.SIDlJAL S - 
WI OF RESIDUfdeS - 
SUH OF RESIDUALS - 
SUll Of AC51DUfU.S - 
SUII OF IKSIGUALS - 
SUti OF RESIDUALS - 
SW OF RESIDLJALS - 
Sun OF RESIDUALS - 
SW OF H~SIDUALS - 
51117 OF HCSIO~IIYS - 
SW OF Rt.SIDii\LS - 
SUM OF RfSIDUIU.S l 

SUM OF RESIIJLIALS - 
sun OF PESlDL!ALS - 
SUH OF ltf SID’JAl 5 - 
SUM OF HESID~JALS - 
SUM OF HESIDUALS - 
SUH OF RESIGUfi1.S - 
sun OF f~L!iIlxtILS - 
SlJli OF hf.SIDUALS - 
SLJH OF Rf SIDtJAl. 5 - 
SIJH OF AI~SIIJLIJU S - 
sun OF Itf~IDimS - 
SUtl OF RESIDUALS - 
SUM OF ItEsIcJuMs - 
SUM OF RESIDUALS - 
SUH OF RtSIDuALS - 
SUM OF RFSIDUALS - 
SUM OF HESIOUI-CC - 
SUll OF ItfSlGlJALS - 
SUM OF IKSIDUAI S l 

SUM OF RESIDUALS - 
SUli OF RESIDUALS - 
SUH OF RESIDUALS - 

. OOCh.jOW L 00 At 1 Et-l 

.ooG:Jooffle3 Ill rcn 

.OOOtJOOW6R RI IER 
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5‘40 ITF’li\TI~‘IIS. 
91 IIl‘tilclI~~lJS. 
VI2 I Il.l!ilrI.!r~s. 
545 I ILlcrllI~..l~s. 
Ylq I1lrollI.Jlc:. 
!?ls 111 PAll~~!iS. 

Xl.? I It lrJil1.,!45. 
553 Illl~lrr I~.r::. 
SS’I 1 II I(111 ll~I4S. 
555 Ilt.ltl\l ll,tiS. 
556 I It:ltHlI~JttS. 
557 IItlillII!~NS. 
558 I~lLtlAlI~,f~s. 
559 I it fl,llll llS. 
560 I ff!li\l II. IiS. 

561 I’ll l~AlI~!ftS. 
SC:! I Iti!hI I(.NS. 
563 Iltrit~ll. ris. 
564 IlLr;\hlIL.trs. 
;LS IJthAl11.!1S. 
666 111 tlAlI~,ll’i. 
Sb? Ill l(ltl l(,rts. 

570 I It RAl IONS. 
571 I lt.HAl Ii NS. 
572 ITt RAlIC’!~S. 
673 IJtf~IIlId~S. 
57’4 I Whl\l cIJrt5, 
675 I ll.kAl IC:NS. 
576 ITL RAI IiJllS. 
577 IlthHlIbNS. 
578 IJlhhlIiNS. 
575 111’ll1111~,11~. 
5r.5 IILtlrllI(‘IIS. 
58: Irtw\lICfr:. 

59d I II P.til IWS. 
583 I II i:AlIi,hS. 
58’1 Ir1.I!IilIl~t,S. 
58S Ilt l~~l111>t~s. 
586 1 Il.rcnr II 11s. 
SD7 I rEtcnllc:rt!i 
588 IltRAlIWS: 
58’) I:l.l::\::r.:lc .s* 
590 1 It-hAlIdS. 
591 Ill HJllI#4:. 
692 I It littl Io:ttS. 
591 I II I’!11 ll~lrs. 
59’1 Ilt.liArr~~tiS. 
59s IIttm1I0r~5. 
696 I IfRAT IC,!dS. 
597 Ilt’HAl1~,1’S. 
598 I II tin I :, 111;. 
59:; IlLI:i4l:,!l:;. 
6C.D Ii[l’i~lII~‘iS. 
601 I Ii f!AlI( rc. 



SW4 OF RESIOUALS - 
SlItI OF RESIDUALS - 
SW OF RESIDUALS - 
SUM OF RC5IDlJftLS - 
Sun Of HrjxOiffu 5 - 
SUM Of 111 ~lOlllU s - 
sun or 111 s10ufu.s - 
SUM Of RCS1LNJIlL5 - 
%JH Of f-lCSIOlJALS - 
SLIM OF RESIXJNS - 
SUM OF RESIDUALS - 
SUfi OF RESIDUALS - 
SlJfl OF RESIDUALS - 
sufl Of RCS10Lf&S - 
SUM OF RCSIDUKS - 
SLffi OF AECI0uIU.S - 
SUM OF IIESIWIQS - 
sun OF Ilt~lDIlfUs - 
SUH Of flESIDlJA1.S - 
SUH Of RES1DUfU.S - 
SlJfi OF RESIDUNS - 
SlJM OF RESIDUALS l 

Slffi OF fiESIDL’hL.5 - 
SUH OF RESlDUllL 5 - 
SLIM OF IICSlDUALS - 
SLJM 01’ RC~I~IJJU.S - 
SUH OF RESIDUALS - 
SLfti OF RESIDUNS - 
SUH OF RESIDUALS l 

SUM OF RESIDUALS - 
SUM OF RESIDUALS - 
SUH Of HESI0LIIU.S - 
SUli Of nr SIIllJfU S - 

WI OF ht51[11JJU.S - 
sun Of HCS1D1lfll.S - 
SUtl OF RES1DUhl.S - 
SUM OF RESIDUALS - 
SUM OF RESIDUALS - 
SUM Of HESIDfJnLS - 
sun Of n~srounLs - 
SUM Of RESIDUPLS - 
SUM Of llf.SlIJLlAl 5 - 
SUH 01; ItL 511)1lJV 5 - 
SLJH OF ,iI.slOlJfCi 5 ” 
SLJH OF fXSIDlJA1.S - 
SUH OF hESIO!JALS - 
SUM OF HES1DUAI.S - 
SUM OF RESIXJALS - 
SUfl OF RCSIDUfi1.S - 
SUM OF RLSIOufXS - 
SUM OF NCSIDIJIILS - 
SlJtl OF IKSICNJ~U~S - 
SUM OF f7CSIOUAI.S - 
SUM OF 111 51O\Jf\l.S l 

SfJfl OF HESIDufUS - 
SW! OF HESIDWLS - 
Sun Of RESID~JALS - 
SUM Of IKSIDURLS - 
5t.fH OF RCSICWAL 5 - 
SIi OF HESi~UnLS - 
SLJfi OF flESIDuALS l 

SUM OF ~~CS~OLJJX.S l 

SLffi Of RFS1DUfU.S - 
SUM OF RCSIDuALS l 

SUfl OF HESIDuALS l 
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605 ITERATIONS. 
8x5 ITEfIIlTI~~IiS. 
607 I.rt w141:. 
6G8 IIlftf\ll~~!J~. 
6f1’~ i Ii tu1liddf5; 
610 1 II 11111 ltdl’,. 
t.11 1 II thl ldd5. 
61i! III f~f!Il~~rc;. 
613 I ltf~f111~ NS. 
61’1 I rt.hATIbffs. 
615 lTEf’/~lI.rfcS. 
616 I II-IIAIII’NS. 
611 Iltf~All~ NS. 
61.3 IIIf!/\IIdr:. 
619 I~llfiAIl~~.‘;;. 
620 I II f!filItidaS. 
c:1 Iltf’i\lI~~tr5. 
622 111.11~\111~11:. 
623 I Itfcf~ll~JlJ5. 
62’i I It H!iI 1145. 
625 1’II:llill I(.f4S. 
626 I II f!illI,P,S. 
627 I iir’hl Ii.frS. 
626 I II I(111 Ic’ttS. 
62’) I II t(rll Ivf<S. 
634 111 ti,bl I, tt5. 
631 Iltr~J~lIdfS. 

661 Iltf~lllI~.tfS. 
662 Ill I’AI Itif,:. 
663 1:t hhlli rts. 
66’1 IT1 11f1111.1~5. 



SUM OF RCS1WU.S l 

SlJfl OF RESIDUALS - 
SUM OF ACSIDUALS n 

SUM OF RESIDUALS - 
SUH OF RESIOUALS - 
sun OF nEsIcUnLS - 
SUM OF RESIDCNS - 
SIJtl OF RESIDUALS - 
Sl!H OF RESIDUAI.S - 
SUM OF RESIDUALS - 
SUH OF RESIDuN S - 
suli OF firismms - 
SUM OF RtsIwnLs - 
SUtI OF RFSIDIJAL S - 
SUti OF RCS1DuN.S - 
SUtl OF FiECI0LJN.S - 
SW4 OF HESIDIJNS - 
SW! OF RESIDIJNS - 
SLIti OF RLSIOUXS - 
SUH OF RC5ILtUrU.S - 
SUM OF RESIOUALS - 
SUM OF RESIDUALS - 
SUPI OF RESIDUAL; - 
SUM OF RESIDUNS - 
SUH CF RESIDUALS - 
Sun OF RCSIDIJN.S - 
SUM GF IlCSlOUnLS - 
SIJH OF Rt:~IOWLS - 
SUH OF RESIO!JALS - 
SUti OF RESIOUA1.S - 
SUH OF RESIDUALS - 
SUM OF IiESIDLlHLS - 
SUM OF RESIDIJALS - 
SUH OF RESIDUALS - 
SUM OF RESIDUIiLS - 
SUti OF RESIOUI\l.S - 
SUn Of RESIDUALS - 
SUM OF RESI0uHI.S - 
SUH OF RESIDUALS - 
SUM OF RCSIDUALS - 
SUtl OF RCSIDunLS - 
SUti OF RESIDUALS - 
SUtl OF RESIOllALS - 
SUM GF RF.SIDLJALS - 
SUH OF RESIDUALS - 
Sun OF RCSIDlJItLS l 

SUM OF RtSIDUtiS - 
SUti OF RESIDIJALS - 
SUH OF IKSIDUALS - 
SUti OF RESIWAI S - 
SUtI OF RESIDIJAI 5 - 
SlItI OF RESIDUALS - 
SlJti OF RESIDUALS - 
SUM OF RESIDLlnLS - 
sun 0F nL 5Iwni. 5 - 
51111 OF I~l:‘II)IJIU S - 
SUM OF HESIDuNS - 
SW! OF RESIOUALS - 
SUH OF t3ksxmm.s - 
SUti OF RESIOunl.5 - 
SUM OF ll1’511)111ll 5 l 

StJH 01: 111 S111lt1\1 5 . . 
SlJtl OF tIL~Ii)IJ/ll 5 * 
SIJM OF r~ksI0wi.s - 
SUM OF Rt’SIDLIALS l 

sun of rt~Sxtw.s - 
SUP! OF HESIWIU.S - 
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703 IrCnAlIutlS. 
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708 I Ii 111lIILt15. 
709 1 TENAT 1,345. 
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713 IrtNf+IItNS. 
714 I II liitlII.!is. 
11s 11Ll~IIlI!~:~s. 
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719 111 Il~\lI(rflS. 
720 Ill t<rlfI(.NS. 
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725 Ill hl\l ILf4S. 
J26 Ill t(Al IM1c,. 
721 III Itllll~tIS. 
726 I lLllll1 11.145. 
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730 I If w3ric.14~. 
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SW OF AESIOUNS - 
SW OF RESIDUNS - 
SW OF RCS1DUfU.S - 
SW OF RESXDUNS - 
SUM OF RES1DW.S - 
SLM OF RESIDUNS - 
SW OF ffES1Dunl.S - 
SUH OF RCSIDUNS - 
SUfi OF HESIDUNS - 
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96s xr~t~~r~ms. 
966 IfEttAlICNS. 
967 IlEt~~ll10f1S. 
968 I rw~Trws. 
969 IlERAlIOltS. 
970 lll’llJtlIlrt15. 
WI1 1 II rlrlll~llrs. 
P’I.? 1 II IOIl l(JllJ. 
9?3 1 ILH~I I IONS. 
97r( I1ER~lllOflS. 
975 ITERnlIOtlS. 
976 IlERArIONS. 
977 I rEttl\lIDf~S. 
978 ximrIot4s. 
979 IlcfiAIIONS; 
980 I’IcftnlIotJs. 
9bl I If NH1 1ot1s. 
912 IIII~~lIIr~tJS. 
9113 I II 111ll10115. 
9b’l I II 1111 I1 (IIdS. 
91s Tlt~i~rlot~s. 
9b6 I lEh/tlIONS. 
917 ITEl~#\rIOIIS. 
910 IrEHl\lIOfrS. 
989 ITtHI\lIGf4S. 
990 ITLhHrIGIIS. 

1000 ITEfiAlIONS. 

991 I’lt.ltrllIOt~S. 
992 IltR~~lIONS. 
99s I It hJlIIotIs. 
99’i 1 ILH,l”r)flS. 
995 xlf.niirIom. 
996 I IFlt~\lIOtJS. 
991 Ilkfwriof4s. 
998 TIChJCIIOt4S. 
999 I ILhAllGNS. 

AFTER THOWSON-SOLVER, BEFORE FINN CLUS~ERIKGI 

( S FOR CONSTANT XI LINE AT J- 1 
17ooooE*o2 .17oooccto2 .170000E:rl2 .170OmE~02 .llDmxc*O2 .17ODDDE~D2 .110000E*D2 .170000E*O2 .ll~*OZ .17OOME+O2 

.17OOOCEt02 .170OOOEt02 ~l?OOOix+O2 .170GOUfL*02 .17IXlOOE+O2 .17DOD(x*O2 .17DOOX*D2 .17CQ@X+O2 .17OOOcXt02 .17oQocx+C@ 



.110000E+02 .11m+02 

Y S FOR CONSTANT XI LINE AT J- 
.5575ooE*01 ,355SOOE*01 .352063~*01 ,J’tE425EtOl .3'4SOOlE*Ol .33WllE+Ol .332SOSE*Ol .S242003E*Ol .Sl'(SSlE*Ol .SOS752E*Ol 
.292176E*Ol .28032’lEtOl .2687‘i6E*Ol .2579’l9EtOl .WIZP?E*Ol .2%995E*Ol .233069E+Ol .227999E+Ol .223OlSE*Ol .219637E*Ol 
.2llLxoE*Ol .203000E*01 

X S FOR CONSTANT XI LINE AT J- 11 
.6e75OoE*ol .688068E*Ol .61a’~n5E*01 .660692F*Ol .66664lE*Ol .66629lE*Ol .6076(WEtOl .686S‘i7EtOl .bb5OtM*Ol .683178E+ol 
.680782EtOl .677Ei’i?E*Ol .674285E*Ol .670016E*01 .66491OE*Ol .65676oE+Ol .651357E*Ol .642222E*Ol .630617EtOl .61YiWE*Ol 
.593666E*Ol .55OOOCC*Ol 

Y S FOR CONSTANT XI LINE AT J- 11 
.5356L(OE*Ol .32~ss1E*ol .321'l91C*Ol .31'WllE*Ol .307366E*01 .500513E*01 .29J213E*Ol .286073E*Ol .278l83EtOl .27165oE*Ol 
.26’429BE*Ol .2566C9E*Ol .2‘l9316E*01 .2’41612ErOl .231706E+Ol .225535E*Ol .217OOlE+Ol .2079WEtOl .198072Et01 .186779EtOl 
.172512E*Ol .l+l900E*Ol 

X 5 FOR CONSTANT XI LINE AT J- 21 
.SE72OCE*Ol .S8RS16E*Ol .569603E*Ol .S893’i2EtOl .686216E*Ol .586226E*Ol .583551E*Ol .5195SSEtOl .67’l693EtOl .56672SE*O1 
.561Y35E*Ol .552793E*Ol .S’lW17E*Ol .530067E*Ol .515374EtOl .‘497666EtOl .47692oE*Ol .U1676E+Ol .‘l20127EtOl .38196K+Ol 
.328773E*Ol ,16000C~E*Ol 

Y S FOR CONSTANT XI LINE AT J- 21 
.30815OEtOl .30518SE*Ol .3017'iCCtOl .296016E*Ol .29’4119E*Ol .290113E*Ol .21603‘tEtOl .2819011E*Ol .217751EtOl ;273SME*Ol 
.2692CWE*Ol .26‘i77OE*Ol .260106E*Ol .255058E+Ol .249376E*Ol .24267L(E+Ol .234357E+Ol .223WSE*O1 .208522Et01 .16669‘dE*01 
.1515‘4lE*Ol .319OcH*OO 

X 5 FOR CONSTANT XI LINE AT J- 31 
.5616OCEtOl .58092M*Ol .5793‘46E*Ol .676767E*Ol .573069E*Ol .566036E*Ol .S61636E*Ol .553’42SE*Ol .S’t3536E*Ol .SS1706E+Ol 
.51775MtOl .501’167E*Ol .4626WEtOl .‘t61056E*Ol .'436'(6&*01 .'1067@IE*Ol .J7155oE*Ol .342178EtOl .30(52CE101 .2619WEtOl 
.212016E+Ol .lOOOfM*01 

V 5 FOR CONSTANT XI LINE AT J- 31 
.30663OE*Ol .308913E*Ol .31192’(EtOl ,31566nF to1 .SZG178E*Ol .325541E*Ol .SJlOO9E+Ol .331013EtO1 .S43161EtOl .Yl9229EtOl 
.Wi9'iBEtOl .359986EtOl .36393x*01 .3662YiE*Ol .366261E*Ol .363127EtOl .355625E*01 .3'l220OEtOl .%?060Of*Ol .287197E~Ol 
.2336bbE*Ol .9swoLX*oo 

X S FOR CONSTANT XI LIIJE AT J- 41 
.6f100OCC*Ol .66512aE*Ol .tPO621E*Ol .694925E*Ol .697506E*Ol .69612SE*Ol .696609E+Ol .692169E*Ol .616466EtOl .67741oE*Ol 
.665355E*Ol .6499RCE*Ol .630912E*Ol .607598E*Ol .579266E*Ol .Wi7S6E+Cl .502186E*Ol .‘tUW66EtOl .380938EtOl .2!3'46'ilE+Ol 
.19247BE*Ol .10000CE*01 

Y 5 FOR CONSTAttT XI LIfrE AT J- 41 
.343000E*Ol .359WGE*Ol .37835i!E*Ol .39793oE*Ol .'416502E*Ol .439971E*Ol .Y62264E+Ol .YWtOlE*Ol .50926SEtOl .653183E+01 
.558815EtOl .284178E*Ol .60965’tE*Ol .634999E*Ol .659925E*01 .66’i032E*Ol .706625E+Ol .726261EtOl .759671E~Ol .739334EtOl 
.706931E*Ol .600000E*Ol 

EPSIL- 1.07191 

EPSIL- 1.07165 

EPSIL- 1.07190 

EPSIL- 1.07910 

EPSIL- 1.01121) 

EPSIL- 1.06928 

EPSIL- 1.w7a 

EPSIL- 1.06021 

EPSIL- 1.05090 

EPSIL- 1.0'4166 

A.W F= 

AN0 F- 

AN0 F- 

AN0 F- 

AN0 F- 

AN0 F- 

AND F- 

AN0 F- 

AND F- 

AN0 F- 

.oww AFTER S ITERATION5. 

.wooo AFTER 6 ITERATIONS. 

.wooO AFTER 5 ITERATIONS. 

.ooow AFTER S ITERATIONS. 

.wow AFTER 6 ITERATIONS. 

.oowo AFTER 6 ITERATIONS. 

.ocmo AFTER S ITERATIONS. 

.ooooo AFTER S ITERATIONS. 

.oowo AFTER 6 ITERATIONS, 

.owoo AFTER 4 ITEAATION5. 



EPSIL- 1.03399 

EPSIL- 1.026W 

EPSIL- 1.02391 

EPSIL- 1.02057 

EPSIL- 1 so1663 

EPSIL- 1.01701 

EPSIL- 1.01610 

EPSIL- l.OlSlQ 

EPSIL- 1.01’432 

EPSIL- l.OlSL(9 

EPSIL= 1.01500 

CPSIL- 1.012'46 

USIL= 1.01221 

VSIL- 1.01160 

VSIL- 1.01152 

EPSIL- 1.01110 

EPSIL- 1.01065 

EPSIL- 1.01016 

VSIL- 1.00917 

EPSIL- 1.00951 

EPSIL- 1 SO0922 

VSIL= 1.00006 

EPSIL= l.DDlWCt 

VSIL- 1.00115 

VSIL- 1.00772 

EPSIL- 1.00726 

EPSIL- 1.00702 

EPSIL= 1.00662 

EPSIL- 1.00619 

EPSIL- 1.00587 

FPSIL- 1 .a3597 

EPSIL- 1.00552 

VSIL= 1.00570 

VSIL-- 1.00661 

IWO F- 

AND F- 

AND F- 

PND F= 

AND F- 

At40 F- 

AND F- 

AN0 F- 

AN0 F- 

AND F- 

AND F- 

AND F- 

AND F- 

AND F= 

AND F- 

AND F- 

AND F- 

AND F- 

PNO F- 

AND F- 

AN0 F- 

AND F- 

f!ND F- 

AND F- 

AN0 F= 

AND F= 

AND F- 

AND F= 

AND F- 

AN0 F- 

AND F- 

AND F- 

AN0 F= 

AN0 F- 

AFTER 9 ITERATIONS. 

AFTER ‘I ITERATlONS. 

AFTER ‘I ITERATIONS. 

AFTER '4 ITERATIONS. 

AFTER ‘4 ITERATIONS. 

AFTliR ‘I ITERATIONS. 

AFTER ‘4 ITEAATIONS. 

IYTER 4 ITERATIONS. 

AFTER 5 ITERATIONS. 

AFTER 5'ITERATIONS. 

AFTER 3 ITERATIONS. 

ffTER S ITERATIONS. 

ffTER 5 ITERATIONS. 

PFTER 1 ITERATIONS. 

AFTER J ITERATIONS. 

AFTER 3 ITERATIONS. 

AFTER 3 ITERAlIONS. 

AFTER 2 ITERATIONS. 

AFTER 2 ITERATiONS. 

AFTER 3 ITERATIONS. 

AFTER 3 ITERATIONS. 

ffTER 1 ITEAAIIONS. 

AFTER 1 ITLRATIONS. 

AFTER 3 ITERATIONS. 

AFTER S ITERATIONS. 

AFTER 3 ITERATIONS. 

AFTER 3 ITERAIIONS. 

AFTER 1 ITERATIONS. 

AFTER ‘I ITERATIONS. 

AFTER ‘I ITERATIONS. 

AFTER ‘I ITERATIONS. 

AFTER '( ITERAIIONS. 

AFTER 4 ITERATIONS. 

AFTER 1 ITERATION5. 



co 
W 

LPSIL- 1.00118 AND F- .octow AFTER 3 ITERATlONS. 

EPSIL- 1.00956 AND F= .DDDw AfTEA 1 ITERATIONS. 

AFTER FINAL CLUSTERIHCI 

X S FOR CONSTANT XI LINE AT J- 
.llOOOOEtO2 .llOCCQE*02 .1100002*02 . llOOOcE*02 .llOOQCE*02 .llMOOE*O2 .1lmcuc*o2 .llOOOoEcO2 .17mOOE*02 .¶7OOOa!tO2 
.llOOOOE*02 .l?OOOC’L*O2 .110000E+O2 .17OOCM*O2 .17@XM*O2 .1lOOOCK*O2 .llCOOUZ*O2 .17OOOUhO2 .llOtYX*OZ .170000EtO2 
.110000E*02 .110000E*02 

Y 5 FOR CONSTANT XI LINE AT J= 
.357smt01 .S555Occ*Ol .352626:tol .W9288E*Ol .34116llE*ol .S301ME*Ol .SSlS42E*31 .32232lE*Ol .311718E*Ol .29915SE*Ol 
.286662E*Ol .21363sE*Ol .26014SE*Ol .aelBx*ol .2:8179E*Ol .229158E*Ol .221146E*Ol .215829E*Ol .211212E*Ol .20161’tE*01 
.20500oE*01 .203oolx*01 

X 5 FOR CONSTANT XI LINE AT .I- 
.lWOOoE*O2 .lWO23E*O~ .1110053;*02 . lWO91E*O2 .140138E*O2 
.1'1cw15C*02 .lWI‘lSEtO2 ,14w2cE*o2 . l‘t03lSE*02 .140J16E*02 

.l’i019SE*O2 .11(02S4E*02 .140517E*02 ::H337~*~ .11(0'42oE*02 

.1’402SSE*02 .11(0192E*o2 .l'(01JlE*o2 l .lwO53E*a2 
.11(0023E*02 .l‘GGOCE*O2 

Y 5 FOR CONSTANT XI LINE AT J- 
.SSl500E*Ol .355S13E*Ol .3S&Ol .349s35E*01 .3W736E*Ol .SS68SSE*Ol .331‘fWE*01 .32Z+WlE*Ol .S11000E*Ol .29981lE*Ol 
.2868@.2E*Ol .273618E*Ol .260690EtOl .WB1OlE*Ol .238016E*Ol .229067E*Ol .221666E*Ol .215164E+01 .21116SE*Ol .20764SE*Ol 
.20u987t'Ol .203000E*01 

X 5 FOR CONSTANT XI LINE AT J- 
.12OOOOE*O2 .1200WiE*02 .120(?09:*02 .12DOlSE*02 .12002SE*02 .12003SE*02 .12O@isE*o2 .120051E42 .12007lEG2 .lWK)dlE*O2 
.120086E*02 .12008LE*O:! .12MtlLT*02 .12007OE*02 .120057E*02 .12@MrE*O2 .120032E*O2 .12DOtZE*02 .120014E*CQ .12O&tllE*O2 
.12DKHE*02 .12DCWE*02 

Y S FOR CONSTANT XI LINE AT J- 
.55150cc*01 .5565oOE*01 .SS2B2lEJ*Ol . S’49219E *Ol .W’t673C*Ol .339756E*Ol .331w5E*01 .S22324E*Ol .Sll72lEtOl .299lSlE+Ol 
.206b63EtOl .21363UE*01 .2607WE*Ol .W6119E*ol .238176E*Ol .229156E*Ol .2217WE*Ot .215~2lE*O3 .2112llE~Ol .207b7K+01 
.205Ochx*01 .203oooE*01 

X 5 FOR CONSTANT XI LINE RI J- 
.lOOWOEt02 .lCOOS9E*O2 .10013'&02 .100221E*02 .10034lE*02 .lOUtlSE*02 ;lCC&lC1E*f32 .100166E*(# .lM)00lE*O2 .lOlUXEtO2 
.101063E*02 .10106‘lE*02 .lOlDD7E*02 .lDO9O‘iE*02 .1001696*02 .100622E*C2 .lOO’il6E*O2 .100344E*(# .100229E*OZ .l~lS~*&? 
. lDDO59Et02 .1-*02 

Y 5 FOR CONSTANT XI LINE AT J- 
.3SlSOCCt01 .3S55t1M*Ol .35305C&Ol .Y1971'1E*Ol .YiSJDSE*Ol .ss9D6JE*Ol .SS291’4E*Ol .sW61SE*Ol .11400Qt01 .SOSltiSE;Ol 
.291UY9C*Ol .27v6‘t3E*Ol 
.215911E*Ol .21WOCE*Ol 

.267139E*Ol .25661x*01 .246877E*01 .230516E*01 .23162lE*Ol .226101E*Ol .ZUlBlE*Ol .21WWE~O’ 

X S FOR CONSTANT XI LINE RT J- 
.9cmOcE*01 .900303E*01 .900696:*01 * 9012ca*01 .901826E*Ol .902586E*Ol .903451E*Ol .9tYiSllE*Ol .90525lE*Ol .90596SE+Ol 
.9063aoE*ol .9wi1LEtOl .90606'1E*Ol .905397E*Ol .904539E*Ol .903617E*Ol .902755E*Ol .901941E*01 .901286E*Ol .9007SoEtOl 
.9ODS26E*Ol .9OOOCxX.O1 

Y 5 FOR CONSTANT XI LINE RT J- 
.3575OOE*O1 .355523E*Ol .5529d*Ol .349SOSE*Ol .345ll‘IE*Ol .339SSSE*Ol .532611E*01 .SWS16E+OL .Sl‘t705EiOl .SOSOS7E*Ol 
.29220bE*Ol .2602:‘lEtOl .26862Y*Ol .257112E*Ol .248099E*Ol .2396fYiE*Ol .23292SE*Ol .22136lE*Ol .2229OlE*Ol .219578EtOl 
.216973E*Ol .215DOOE*Ol 

X 5 FOR CONSTANT XI LINE Al J- 
.CODODDE*O1 .80132W*Ol .Domb~*ol .1052’l3EtOl .807957E*ol .011111E*01 .Ol’tl62E*Ol .IlWl69E*Ol .821BPlE*Ol .WdMlE*O1 
.lI259V'JE*Ol .n2597'Jc*ol .02’I’II~E~Ol .cQ179lE*Ol .IlU3J7E*Ol .Cl'i613E*Ol .811025E*Ol .00163oE*01 .OOS16oEtOl .1)029a9E*Ol 
.30129?C*Ol .OWOOW*Ol 

Y S FOR CONSTANT XI LINE AT J- 
.3531wEtOl .35163SEtOl .Yl951~~~*01 .34616lE*Ol .342957E*Ol .33161’4E*01 .331219E*Ol .322158E*Ol .SlW22E*Ol .30059‘4E~01 
.2Bl18CE*Ol .21353tIE*Ol .260329E*Ol .2‘iBJllE*Ol .23798JE*Ol .229531E*Ol .22287JEtOl .21711YE*01 .2139'49E+Ol ,21111‘lEt01 
.209028E*Ol .20150oC*01 



X.;SFSO~;ltWT XI LINE AT J- 

.11915”t:01 
.151q9GE*ol .15JWElr01 
.77ll612~*01 .'l7636'~E*01 

.151222EtOl .1500~*01 

.155956E*Ol .19901OE*01 .162172EtOl .766918EtOl .711179E*Ol .77SOSBE*Ol .777a78E*01 

.1726l’fErOl .1617?6C*Ol .76463fX*Ol .160cl31E*01 .16158cK*01 .754929E*Ol .7S?.856E*Ol 

Y 5 FOR CONSTANT XI LINE AT J- 
.w1@4cmT*01 .3’t5702E*Ol 
.281735lI*Ol .25'1316EtOl 
.202585EtOl 

X 5 FOR CONSTANT XI LINE AT J- 
.125OOM*01 .1263q9E*ol .728&01 
.146‘l18E*01 .1'43316E*Ol .138’412E*Ol 
.?01569E*O~ .100000Er01 

Y 5 FOR CONSTANT XI LINE RT J- 
.3~299OE*ol .5'~150:C*01 .53w3cz*01 
.269162EtOl .ZS'ib93E*Ol .WOS69E*Ol 
.lQl?S2EtOl .190500E*Ol 

X 5 FOR CONSTANT XI LINE RT J- 9 

.3~1219E*o~ .337126EtOl .S32088E*Ol .326'417E*Ol .51Lm!oE*01 .30758lE+Ol .295SOlEtOl 

.242196E*Ol .231652E*Ol .223399E*Ol .216116E*Ol .2llS6lE*Ol .20765QE*Ol .2Wl'(SE*Ol 

.130315EtOl .73J1mE*Ol .7S6'454EtOl .740002E*Ol .743415E*Ol .74607lEtOl .7’(72blEtOl 

.132413E*01 .726OOlEtOl .119893E*Ol .ll'iSWE*Ol .710023E*Ol .lW'W6EtOl .7OM72E*Ol 

.336539E*Ol .33251lE*Ol .321023EtOl .31961YE*01 .51016qEtOl .298WOE*Ol .204616E*Ol 

.226202E*ol .2ll987E*Ol .209931E*Ol .203lWE*Ol .199woEto1 .195909EtOl .19349'4E*O1 

.1lW'i1E*O1 .11112SE*0l .11~14OE*01 .121wcE*01 .722922E*Ol .12Wl9E*Ol ,72187SEiOl 

.692169E*Ol .68264’lE*Ol .674144E*Ol .66711'lE*Ol .6615L(SE*Ol .b51212E*Ol .69401oE~01 
.11250oE*01 .113195E*Ol .llY1'46E*Ol 
.117611E*C1 .llO?Y8E*Ol .101928C*Ol 
.651113E*01 .65000OE*01 

Y 5 FOfl CONSTANT XI LINE AT J- 
.3’~0710E*Ol .336t73’~E*Ol .336227E9*01 
.2SS30lE*Ol .238910E*Ol .22412.TE*Ol 
.';lBW7E*Ol .1175OQE*01 

X S FOR CONSTANT XI LINE AT J- IO 

.3326YW*Ol .321752E*Ol .32117OE*01 .s12416E*ol .301331E+01 .287lUtE+Ol .21202’iE+Ol 

.211145E*Ol .201912E*Ol .19'456BE+Ol .1890SlE*Ol .185016E*01 .182106E*Ol .100026E*Ol 

.101622E*Ol .102526EtOl .lOS538EtOl . ?wS56E*01 .?(w552E*01 .102552EtOl .69lWIE*01 

.6505SJE*Ol .6378206*03 .627211EtOl .610811E*01 .61WlSE*Ol .601666EtOl .60(216E*Ol 
.1w0Occ*01 .700383E*Ol .100?08E*01 
.6896WE*Ol .67803LEtOl .664'427E*Ol 
.6017q8EtOl .6M)OwE*Ol 

Y S FOR CONSTANT XI LINE Ai J- 
.538261X*01 .336297E*Ol .333&01 
.2'(156CK*Ol .223822E*Ol .208SllEtOl 
.lb’i08Ot*Ol .1631OC!E*Ol 

.32959‘iE*Ol .324151E*01 .316101F*01 .306164EtOl .293938E*Ol .21622SE*Ol .260292E+Ol 

.196227E tO1 .166813E*ol .119608E*Ol .1742WE*Ol .110296E*01 .161419E*Ol .16s4aK*ol 

X S FOR COt45TANT XI LINE AT J- 11 
.6F1150OE*Ol .687675E~Ol .667907E*Ol 
.660769EtOl .6'l3665E*Ol .62‘4664EtOl 
.551102E*O1 .SSOOOGE*Ol 

Y S FOR CONSTANT XI LINE AT J- 11 
.33:64OE*Ol .3336’tlE*Ol .330160E*Ol 
.22fl061E*01 .20929LEtOl .19363oE*Ol 
.l'iSPSlE*Ol .14'l9OCC*Ol 

X 5 FOR CONSTANT XI LI!iE RT J- 
.675OOCX*Ol .67502X*01 .61503:E2*01 
.6312OBE+Ol .60fl293E*Ol .58’~521EtOl 
.501617E*01 .500000c*01 

Y S FOR CONSTANT XI LINE AT J- 
.3328'1cE*01 .3308'lcx*ol 
.21592i?E*Ol .19LSC7EtOl .180292E*Ol 
.127775E*Ol .12b69GE*Ol 

A S FOR COt4STANT XI LINE AT J- 15 
.66250lx*01 .662’loYEtol .66225XtOl 
.60076X*01 .5120"6E~Ol .W351oE*Ol 
.'i51653E*Ol .45000oE*01 

.68620lE*Ol .68652MtOl .60810eE*01 .6WJ3WEtOl 

.606052E*Ol .59141cc*01 .5790?5E*Ol .569654E*Ol 
.682wsE*ol .blSW7E+Ol 
.551698E*01 .5!i416SE*Ol 

.326611E*Ol .320123E*Ol .312513E*Ol .501564E*01 .286810EtOl .268906EtOl .W866lEtOl 

.18111~E*Ol .111052E*01 .163157EtOl .151163E*Ol .152194E*Ol .149612E*Ol .14747lE*O1 

.675CQSEtOl 

.562807E*Ol 
.67’iS35E*Ol .61294lE*Ol .669585E+Ol .662523E*Ol .649901E*Ol 
.630926E+Ol .52053lEtOl .513Q16EtOl .501168E*01 .sw1s6E*o1 

.32356OE*Ol .Sl7301E*01 .30lw15c*31 .296152EtOl .2199606tOl .260014E*01 .2510daE*01 

.166769E*Ol .1554B1E*ol .1'46606E*Ol .1399SlE*Ol .135135E*Ol .131138E*01 .12938lEtOl 

.66197YE+Ol .661'447f*01 .660J75E*Ol .656061E*01 .655031Et01 .W2916E+Ol .62545oE*01 

.616'uxE*01 .496066E*Ol .462566EtOl .411293EtOl .463332E*Ol .45185lE*Ol .'lWlS9EtOl 

Y S FOR CONSTANT XI LINE AT J- 
.329870C*Ol .327872E*Ol .32wE*01 .320J97E*Ol .313814E*ol .S0'1301E*Ol .290992E*Ol .213256E*Ol .251521E*Ol .227WKtOl 



.20!Pl95E*Ol .18566OE*Ol .166322E*Ol .153OWE*Ol .1’(0266E*Ol .130266E*Ol .122836E*Ol .317527E+Ol .llJ137E*Ol .lllS2lEtOl 

.109629E*Ol .108500E*Ol 

X 5 FOR CONSTAUT XI LItiE AT J- 111 
.65Ocox*01 .6’i9836E*Ol .6’495loC*Ol .4491J~E*01 .bYO372E*Ol .bq6911E+ol .643009E*01 .bSb971E+Ol .62319IE*Ol .600232E*Ol 
.56WOSEtOl .53517bE*Ol .5021'i JE*Ol .‘d73716E*01 .'d5107'IE*Ol .L(34113E*Ol .421979E+Ol .413582E*O1 .90790JE*Ol .40‘4122E*01 
.40163~*01 .4-•Ol 

Y 5 FOR CONSTANT XI LINE AT J- I’( 
.32672CE*Ol .3LYi727C*Ol .3216OSE*Ol .3170¶1Etol .310193E+Ol .SOCO92E*Ol .213576oE*Ol .266616E+Ol .243503E*Ol .219SOIEtOl 
.194997E*Ol .17625’tE*Ol .157066E*Ol .139693E*Ol .135204t*Ol .113961E*C .105706EtOl .990B72EtOO .95902SE*CG .932271Et00 
.91’t;L(x*M .9029cKc*Oa 

X 5 FOR CONSTANT XI LINE AT J- 16 
.637500E*Ol .637317E*Ol .637027E*Ol .bSb57‘lE*Ol .635795E*ol .6YlZIJE*O1 .6SO’d79E*Ol .621728E*Ol .bD(SObE*Ol .576666E+Ol 
.S’il327E*Ol .S0322’E*Ol .447lSlE*Ol .‘i3651SE*Ol .rllW36E*Ol .394654E*01 .382106E*Ol .373536E*Ol .367812E*O1 .36WW*O1 
.36159CC*Ol .56OOCXk:Ol 

Y 5 FOR CONSTANT XI LINE AT J- 15 
.32339M*O1 .32139tIE*Ol .310328E*Ol .313627E*Ol .3WSI6EtOl .2959dSE*Ol .260971E*Ol .2611‘loE*O1 .238066E*Ol .21’4733EiOl 
.19253‘iE*Ol .170861E*Ol .l’t9829E*Ol .13055GE*Ol .11Ll‘tS3E*01 .101989E*Ol .92094oE*oO .865WSE*OQ .822117E+CXY .7934WEtOO 
.77Y65oE*CO .7621iDCE*O0 

X S FOR CONSTANT XI LINt AT J- 16 
.62COOCK*Ol .62’4901E*Ol .62’d?‘i9E*Ol .bWS34E*Ol .62'iOSlE*Ol .62253W*Ol .617899E*Ol .6~6WQEtOl .S8SO13E*Ol .152B@ptOl 
.513qlrE*Ol .q717wE*Ol .43.wi3t*Ol .39YPWE*Ol .37'i375E*Ol .355631E*01 .342551E*Ol .3337fHE*Ol *327853E*Ol ,%i'KhOE*Ol 
.321579E*Ol .320wx*Ol 

Y 5 FOR CONSTANT XI LINE AT J- 16 
.3199BCK*Ol .3170fQE*Ol .3147lK*Ol .30996K*Ol .30262cE*O1 .291653E*Ol .276089E*Ol .25blOSE*Ol .23385K*Ol 
.189'~0SEtOl .166273E*Ol .1'1307~*01 .121935E*Ol .lCWi2CE*Ol .909983E*On .813086EdlO .7+6067E*00 .701066E+00 
.652198E*OO .6398o(r*OO 

X S FOR CONSTANT XI LINE AT J- 17 
.6125OOE*Ol .612771E*Ol .613146E*Ol .613634E*Ol .6137~6E*ol .612126E*Ol .606055EtOl .59165SE*31 .S6b~llEtOl .531664E+Ol 
.489Si7EtOl .4~5737E*Ol .'iOSlYSE*Ol .57110dE*Ol .3Wl7WE*Ol .325667EtOl .312455E+Ol .30337SE*Ol .2977L(?i&*Ol r293968EtOl 
.291ZHSE*Ol .29OoOcE*o1 

Y 5 FOR CONSTANT XI LINE AT J- 17 
.31419oE+Ol .31420BEtOl .3111CKE*Ol .3042ShE*Ol .298769E*Ol .207563E*Cl .271999E*01 .252195E+O1 .2323WEtO1 .2116OxtO1 
.18941~*01 .165121E*Ol .l'dO33'iC*Ol .11767LL*Ol .98694lE*W .WWi3E*OO .742247E*OO .671222E+oO .623713Et00 .692726EtC#J 
.572CS8EtOO .5596ocf*00 

X S FOR CONSTAtdT XI LINE AT J- IS 
.6DK"ME*Ol .601411E*01 .603167E*Ol .6W77oE*Ol .605312E*Ol .603017E*Ol .SWPlllE*Ol .57770SE*Ol .S’49bOlE*Ol .511W9E*Ol 
.466717E*Ol .'tN63LE*Ol .37lQ37E*Ol .3’128’I~E*Ol .3156'l8E*ol .296016EtOl .28256oE*Ol .27357oE*Ol .2677OSEeOl .263932E*Ol 
.2615xc*ol .26ooooE*o1 

Y I FOR CONSTANT XI LINE AT J- ICI 
.312311~*01 .3lOI!3lE*OI .30825K*O1 .303592E*O! .295991E*Ol .26’463‘iE*Ol .26WSbE*Ol .251664E*Ol .232991EtOl .213169E*Ol 
.190539E*Ol .16'+613E.01 .137906t*Ol .113SWCE*Ol .93Yt’t7E*00 .703281E*00 .b?‘i631E*OO .b00373E*00 .SS1112E*OO .619073E*00 
.‘l985OlE*OO .UW4CCC*oO 

X S FOR CONSTANT XI LINE AT J- 19 
.5’)5606E*Ol .59602BE*Ol .697W?E*Ol .696569E*Ol .59N117E*O1 .59’iSVlE*Ol .583936E*01 .56376SErOl .532767EtOl .‘l91868EtOl 
.Wi‘l517E*Ol .SS6198E*Ol .35190tE*Ol .31;333E*O! .2868’i2E*Ol .24663SE*Ol .2526lOE*Ol .W36WE*Ol .237718Ee01 .233922EtOl 
.231SlCE*Ol ~.230OwE*01 

Y 5 FOR CONSTANT XI LINE AT .I. 19 
.31071oC*o1 * 3on9n1w. *Ol .304096t*Ol .30124‘~E*OI .29ss22c*o1 .70%29oE*Ol .261033E*Ol .ZSZOYIE*Ol .235191E*Ol .21bOO’tE*Ol 
.192'177C*Ol .16'463~'1:*01 .13572'iE*61 .10~48oE*Ol .~641147E*O0 .724035E*OO .610452E*OO .633772E*oO .41316(x*00 .Y5O’dYiE*OO 
.4i!Ys’)nEto6 .‘(16’4CM*OO 

X S FOR CONSTANT XI LINE AT J- 20 
.S9CKhlOE*Ol '.591293E*Ol .592717E*Ol .593577E*Ol .592352E*Ol .586SWE*Ol .573437E*Ol .550622E*Ol .517M)9E*Ol .‘I73’410E*01 
.423’11oEt01 .37277’iC*Ol .326399E*Ol .287853E*Ol .2SBW6E*Ol .2375ccE*o1 .223237E*Ol .213WSE*Ol 
.201519E*Ol 

.20?791EtOl .2039‘I'iE*01 
.2OOOOM*01 



V S COR CONSTANT XI LINE Rl J- 20 
.3090106t01 .3075llE*Ol .3011675E*Ol .29971bCtOl .291926E*Ol .201208Et01 .26636oLtOl .2SW23E*Ol .2S906SEtOl .220111OEt0¶ 
.19S351E+Ol .165085E*Ol .19400sE*01 .106357E*Ol .539399EtM) .572339E*oO .555162EtoO .1176394E*oO .%?‘l937E*00 .S919WEtOO 
.3710’42Et00 . s579ooE*OO 

X 5 FOR CONSTANT XI LINE AT J- 21 
.5072OOEtOl .566349EtOl .519305E*Ol .5OWOMtOl .556679E*Ol .570881EtOl .5b3bllEtOl .5385MEtOl .503'436E*Ol .45dO28EtOl 
.406308EtOl .35’4247E*Ol .3061SSE*Ol .267692E*Ol .238WlE*Ol .217065E*Ol .20287lEtOl .19357bEtOl .187615E*Ol .15354KtOl. 
.101477E*Ol .180000E*01 

Y 5 FOR CONSTANT XI LINE At J- 21 
.308150E*Ol .306’477E*Ol .303464E*Ol .29WO3EE+Ol .290903E*Ol .281297EtOl .27@407EtOl .2SMZSE*Ol .W4531EtOl .226333EtOl 
.20071SE*Ol .168817EtOl .13597SE*Ol .lOb52bE*Ol .5271WE*OO .649992E*oO .526063Et30 .443028E.t00 .388977E*W .354WBE*oO 
.332653EtW .319oooE*o6 

X 5 FOR CONSTANT XI LINE AT J- 22 
.555IOCEtOl .SB640FEtOl .606697E*ol .51656'4E*Ol .5~1208E*Ol .571536E*Ol .55W57E*Ol .525052E*Ol .rl90574E*Ol .‘l'1355#.*01 
.389976EtOl .336441EtOl .21791oE*Ol .W1037EtOl .215WEtOl .196579E*Ol .152663EtOl .173402E*01 .16799KtOl .16377OEtOl 
.161445E*01 .16OONC*Ol 

Y 5 FOR CONSTANT XI LINE AT J= 22 
.30766N*Ol .305763EtOl .3025bbE*Ol .2975'32EtO1 .290779EtOl .252707EtOf .273919EtOl t264219EtOl .2515lUTtOl .233525EtOl 
.206605E*Ol .172665E*Ol ,137854E*Ol .106592E*01 .Bl35'ilE*00 .627121E*00 .‘197125EtW .‘l101'1(x*00 .35‘4274Et00 .3155WE+00 
.29blO‘iEtOO .2121ooE*OO 

X S FOR CONSTANT XI LINE AT J- 23 
.SWlooE*O1 .664619E*Ol .SW219E*Ol~ .5~1914EtOl .576072E*Ol .544972E*Ol .546701EtOl t519173EtOl .‘lBO8’iBEtO1 .W2301E*Ol 
.J77658E*Ol .32WllE*Ol .274792E*Ol .23629SEtOl .20167SE*Ol .19533SE*Ol .17162bEtOl .162746EtOl .lS7109EtOl .lSS569EtOl 
.151566E*Ol .1!mOcc*01 

Y 5 FOR CONSTANT XI LINE AT J- 23 
.307210EtOl .3052l’IE*Ol ,302026E*Ol .2974Y(EtOl .29176M*Ol .2aSWlEtOl .271957EtOl .2713ME*Ol .2bO'407E*Ol .Pl2bllEtOl 
.215463E*Ol .18017SE*Ol .143326E*Ol .llOllCE*Ol .53231(x*M) .63378bEt00 .‘(93817Et00 .401207Et00 .W1279EtoO .303229EtOO 
.2793606*00 .2645OCEtOO 

X S FOR CONSTANT XI LINE AT J- 24 
.683OOOCtOl .562923E*Ol .681786E*Ol .575318E+Ol .571225E*Ol .S590WE*Dl .539WSEtOl .611329f*Ol .(171793EtOl .'(21835EtOl 
.36566SE*Ol .31085oE*ol .262069E*Ol .222WIE*Ol .193W(Y*Ol .173932E*Ol .160676E*Ol .lQl'i6E*Ol .196753EtOl .1'(3383EtOl 
.1‘41292E*Ol .lYOOOOE*O1 

Y S FOR CONSTANT XI LIME AT J- 24 
.SO674oEtOl .SW736E*Ol .301725E*Ol .297901E*Ol .293762E*Cl .28952SE*Ol .28SlllE*Ol .279467EtOl .26999oE*Ol .252744EtOl 
.224809EtOl .ltI7771EtOl .14a732E*01 . llf436E*Ol .WW53E*OO .636426E*00 
.262473Et00 .2’l69OOE*oO 

.4BO974E*CO .59092SEtoO .32763K*M .257SSlEt00 

X S FOR CONSTANT XI LINE AT J- 25 
.5616OCCtOl .561292E*Ol .67926OEtOl .57‘475SEtOl .5668lm*Ol .553936E*Ol .534024E*Ol .50'459oE*O1 .'lb37S‘4E*Ol .'(12174EtOl 
.38~663EtOl .298737E*Ol .W9702E*Ol .210677E*Ol .102187E*Ol .16265oE*Ol .149SOSE*Ol .l‘USWE*Ol .136423E*Ol .135209EtOl 
.131223E*Ol .13oOOoE*o1 

V S FOR CONSTANT XI LINE AT J- 25 
.30627oEtOl .30’4291E*Ol .301797E*Ol .2992WEtOl .29679JE*Ol .29’iSI[Y*Ol .2922OlE*Ol .205bOSE*Ol .210542E*Ol .263736EtOl 
.254592E*Ol .195745E*Ol .154217E*Ol .11667SEtOl 
.W5373Et00 .2292ooE*oO 

.Bb319SE*W .638613E*fM .‘(82938Et00 .379765Et00 .11339SEtW .271MoEtoO 

X 5 FOR CONSTANT XI LINE AT J- 26 
.6808ocEt01 .579018EtOl .676983EtOl .57185bEtOl .56347OE*Ol .SSO211C*Ol .52977(X*01 .4994'43EtOl .45716oEtOl .Y03bSMtOl 
.344266E*Ol .28720fJEtOl .23776'4E*Ol .19579SE*Ol .170629E*Ol .151’489EtOl .139007EtOl .13107SEtOl .12bllbEtOl .123(W6EtOl 
.121158EtOl .12ooca*o1 

Y 5 FOR CONSTANT XI LIM AT J= 26 
.30599CEtOl .3W273E*Ol .3027WE*Ol .301606E*Ol .SOObJUE*Ol .3006~*01 .JDo35~*01 .29572~tOl .292219EtOl .275847EtOl 
.245935EtOl .20‘432’1EtOl .lC99LlE*Ol .119987E*Ol .577597E*00 
.228202Et00 .211booE*OO 

.Vi0153E*00 .'(762WE*oO .3b8lSzE*oO .29IIIoEtW .255334Et00 

X S FOR CONSTANT XI LINE AT J= 27 
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3.3 Plots of the Generated Mesh 

GRID PLOT 
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15 

20 

25 

30 

35 

40 

45 

50 

55 

PRoGFMtl CODE1 76/76 OPT=2 TRACE FTN 4 6*460 01/09/80 11.58.39 PAGE I 

PROGRAM COOEl~INPU?.OUTPUT.TAPE5~INPUT.TAPE6~OUTPUT.TAPE3.TAPE4. IHPLI 
1 TAPEB.TAPEOBl IHPLI 
COHMON/BAS~/NHAX.JHAX.K~AX.JM.KM.OT.FSflACH.EPS.CA~flA.CAHI.S~U.HO. BASE 

I FV14l.FDl4l.RE.PI.Zl80l.NP.HETH.ALPHA.INVIS.IPLOT.RESID BASE 
;, CNBR.IRECO.ISTORE.NF.NB.JTAILI.JTAIL2.IOSCIL,XOSCIL,lUPUNO BASE 

LAMlN.SHUlll.VARA.VARB.vAFlC 
&llON/VARS/ 0178.36.41.XY178.36.41.P178.361 

BASE 
VARS 

LEVEL Z.X.Y.S.xIT:ETT~ 
COMflON/BTRID/ A180.4.41.8lB0.4,41.ClB0,4,4l.DlB0.41.l 

I FtBO 41 
-DlMEN~i~N~XP~78.201.YP178.20l.NR1201 
COtlMON/ZAWNTltiE 

INITIALIZE VARIABLES 

CALL INITIA 
CALi ElCENlOl 

PRINTER MAP OF JACOBIAN 
IF( IPLOT .LE.OI IPLOT = 4’NMAX 
CALL tlAPlJMAX.KIiAX.PI 
CALL OUTPTIl.01 
N ~0. 
NTlflElN 

CFD COMMON OUTPUT ROUTINE 
EINF m 5*FSHACHm*2 l I./I CAMtIA,tAHlI 

VARS 
VARS 
ItlPLl 
IflPLl 
INLET 
INLET 
ItlPLl 
IMPLI 
ItiPLl 
IUPLI 
INLET. 
IHPLI 
ItlPLl 
IMPLI 
ItlPLl 
IMPLI 
INLET 
IMPLI 
IflPLl 

CALL HARV101011.1.11.011.1.21.011.1.3l.0l1.I.41.P.X.Y.5.XY.XYl1.1. IMPLI 
121.Sl1.1.21.XYl1.1.31.XY11.,.41.1./CA~flA.I..FS~ACH.EINF.N~DT.0T IHPLI 
2 .CAflMA.JMAX.KtlAX.78.21 ItiPLl 

INITIALIZE PLOT ROUTINE IMPil 
IMPLI 
INLET 
INLET 
IUPLI 
IttPLl 
IHPLI 
INLET 
I hPL I 
IMPLI 
INLET 

IFIIPLOT LE NMAXI CALL READIN 
.THIS VARIAGLE IS NOW CALCULATED IN EICEN 
HD*O 5*DT 

HAIN LOOP 
DO IO N=l.NMAX 
NTltiE=N 
CALL STEP 

OUTPUT DIAGNOSTICS. HERE TO END OF LOOP IO 
IFIN-IN/25 I*25 EO OICALL CLCDIOI 
~FIIN-IN/~~I*~~I EO OICALL EIGEN~NI 
IFIIN-IN/1001*1001 EO. OICO TO 5 

$IE~R~:~%,JL 2 21101~~ 2 IIt -IO(JL i 21/o~JL.t.l~ll~xYIJL. 
URITEf6.60lI f’OiJL.2.tlJ: bl.4). SHEAR:RESlD 

I 

5 CONTINUE 
IFI N - IN/IPLOTl*lPLOT EQ. 01 CALL CPPLOT 
IFIN-IN/NPl*NPl 40.40.41 

INLET 
INLET 
IHPLI 

-41 IWPLI 
IHPLI 
INLET 

OPTION TO PRINTER MAP PRESSURE STORE IN JACOBIAN LOCATION.MAP 
C AND RECOMPUTE JACCBIAN AND PLACE IN P ARRAY 

IHPLI 
IMPLI 
IHPLI 
IMPLI 
Il!FLI 

40 DO 20 J = I.JtlAX IHPLI 
DO 20 K * I.KtiAX IUPLI 
PP=CA~MA~GA~l~lQIJ.K.4l-.5~lOlJ,K,2l~~2.O~J.K,3~~~2l/OlJ,K,III IflPLl 

20 PIJ.KI 1 PP*Pl J.KI ItlPLl 
CALi flAPIJMAX.KhAX.Pt 
CALL XYHETS 

IflPll 
ItlPLl 

28 
29 

8 
9 

IO 

;23 
34 

40 
41 
42 
43 



60 

65 

70 

75 

80 

85 

90 

95 

loo 

105 

110 

PR’XRAH CUEI 76/76 OPTa TRACE 

CC-2 /CAHUA/FSHACH**Z 
ICoT 
LUIC:C9 
LENCx5O 
NDP=78 
NC:I 
JI=JTAILI 
J2= JTA IL2 
J3:34 
J32l=J3*I 
NRlllmJJ-JI*I 
K:KI(AX 

k”50 JmJI J3 
PP~PlJ.KI~~AflflA*CAMl~lC#J,K,4l- 5~IPIJ.K.2l*~2*OlJ.K.3l~~2l/ 

*QIJ.K.l11 
I*l*l 
XPII.Il~XIJ.KI 
YPII.II~CC~PP-cC 

50 CONTINUE 
CALL PLOTA2lXP.YP.IOPT.NR.NDP.NC.LYID.LENGl 
K:I 
NRilI=~3pi-~I.i 

FTN 4 6.460 0 I /09/w 

I~I*I- 
XPII.Il~XIJ.KI 
YPlI.I1~cc*PP-cc 

55 CONTINUE 
CALL PLOTA2IXP.YP.IOPT.NR.NDP.NC.LYID.LENGl 

41 CONTIN’UE 
601 FORHATIIH .6El5 71 

IO CONTINUE 
c FINAL ouTpuT 

INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
IHPLI 
IHPLI 
IfiFLl 
IrlPLl 

N 1 NUAX lH4l 
CALL ~ARV~o~PII.I.II.Oll.l.2~.O~l.1.3l.all.l.41.P.x.~.S.x~.x~r1.1. ltip~l 

121.S11.~.21.Xy11.1.31.XY~1.1,41.1 /GAMMA.1 .FSHACH.EINF.N*DT.DT IUPLI 
2 .GAMHA.JHAX.KllAX.78.21 IHPLI 

: UNSCALE BY JACOBIAN 
l!!PLl 
IWLI 

DO 45 Nxl.4 ItlPLl 
W 45 Kal.KHAX IHPLI 
DO 45 J~I.JMAX IWLI 

45 OlJ.K.NI s OlJ.K.NI~PIJ.KI IHPLI 
CALL OUTPTII.ll iwii 
CALL WTPTIKHAX.Il INLET 

C OPTIONAL STORE OF SOLUTION DATA ltthl 
IFI ISTORE CT 01 WRITEI4l1I’OlJ.K.Hl.J~I.JHAXI.K~l,K~AXl,~~l,4l ItlPLl 
CALL CLCDIll IMFLI 

C 
IFIIPLOT LE NHAXl CALL EOFTV 
STOP 
END 

lt!l=Ll 
IWLI 
IHPLI 
IHF’LI 

11.58.39 

St 
26 

2 



SUBROUTINE INITIA 76176 OPTs2 TRACE FTN 4 6*460 01/09/80 II .58.39 PAGE 

I SUBROUTINE INITIA 
COHHON/BASE/N~AX.J~AX,K~AX.J~.K~.DT.FSHAC~.EPS.CA~HA.CA~I,S~U.Ho. 

1 FV~~~.FD~~~.RE.PI.Z~~~~.NP,HETH,ALPHA.INVIS.IPLUT.RESID 
2. CNBR.~RECO.ISTORE.NF.NB.JTAILI.JTAIL~.IOSCIL.XOSCIL.I~UND 

5 3 LAHlN.SWlM.VARA.VARB,VARC 
COt!llON/VAAS/ Q178.36.41.XY1?8.36.41.P178.361 
C0~~0N/LARCE/X178.361.1~78.361.5178.36.41.XlT178.361.ETT178.361 
LEVEL Z.X.Y.S.XIT.ETT 
COflflON/ARRAY/ ALPXi801.ALPY1801.BETX1801.8ETYl801 

10 COflHON/UPWND/EB~6OI.EFI8OI 
DATA EB.EF/80~0 .80*0./ 

C 
PI-3 14159265 

C@a**THIS SUBROUTINE READS FLOW PARAMETERS AND THE INITIAL FIELD 
I5 C*mg*FIRST INPUT CARD 1715) 

20 

25 

30 

35 

40 

45 

50 

55 

NtlAX, HAX NON OF TIME STEPS 
JtlAX, MAX NO OF POINTS IN XI-DIRECTION 
KflAX. flAX NO OF POINTS IN EiA DIRECTION 
NP, NUflBER OF TIME-STEPS FOR CALLING t!AP ROUTINE 
HETH. IF METH GREATER THAN 0. SKIPS UPWIND FIFF 
IREAD, IF IREAD CR THAN 0. READS GRID FROn DISC 
INVIS, IF INVIS CR THAN 0 ACCOUNTS FoR VISCOUS EFFECTS 

‘mSECOND INPUT CAR0 17151 
IREGO, IF IRECO CR THAN 0. READS INITIAL FIELD FROM DISC 

OTHERWISE STARTS WITH FREE STERAM CONDITIONS 
ISTORE, IF ISTORE CR THAN 0. SOLUTION DATA STCRED ON DISC 
NF j 

E 
NB 
JTAILI. FIRST INTERIOR POINT. SET TO I 

C JTAILI, LAST XI-INTERIOR POINT 4 SET TO JIiAX-I 
C IPLOT, INDEX FOR CALLING CPPLOT ROUTUNE 
C*a**THIRD INPUT CARD (3151 

: 
IUPUIND~ IF IUPWIND GR THAN O.SKIPS UPWIND DIFFERENCINC 
IOSCIL, FOR STATIONARY AIRFOIL SET TO 0 

: 
LAMIN IF LAMIN CR THAN ZERO OR LAtllNa0. CALCUATES TURB. VISCOSIT 

e**mFOURTH DATA CARD l8Flo 01 

E 
CNER. COURANT NO SET TO ABOUT IO 
DX- USED IN GRID SURRCUTINE IF GRID READ FROH DISC SET DX*O 
OY, USED IN GRID SUBROUTINE AS ABOVE 
FSMACH. FREE STREAII MACH NUYEER 
SMU PSEUDO VISCOSITY COEFFICIENT FOR CNBR ABOUT lo SET To 0.1 
EPS. USED IN GRID SUBROUTINE SET TO ZERO. 

E 
RE, REYNOLDS NUfl8ER 
ALPHA ANGLE OF ATTACK 

C*r*mFIFTH DATA CARD (8F10 01 
XOSCIL. VARA.VARG.VARC-. VARIABLES REQUIRED FOR OSCILLATING AIRFOIL 

SET TO ZERO 
READI5.1001 NMAX.JMAX.KHAX.NP,METH.lREAO.lNVlS 
READl5.1001 IRE~O.ISTORE.NF,N~.JTAILI.JTAIL~.IPLOT 
READI5.1001 IUPWND.lOSCIL.LAHIN 
READ15:101lCNBR.DX:DY.FSMACH.SflU.EPS.RE.ALPHA 
READl5.1011 XOSCIL.VARA.VARE.VARC 

C STHETA IS SHOCK ANGLE IN DEGREES 
STHETA:38 
IFI FSflACH CT I 01 IUPWND I I 

100 FWVATI8l5l 
I01 FORtiATIGFIO 01 

INITIA 
BASE 
BASE 
8ASE 
BASE 
VAR5 
VARS 
VARS 
INITIA 
INITIA 
INITIA 
IYITIA 
INITIA 
INLET 
fNLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
SNLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 

5 
6 

; 
9 

45 
46 
47 
48 
49 

2 
E3 
66: 
66 
67 
68 
69 
70 

3: 

:: 
INLET 
INLET :2 
INLET 77 
INLET 
INlTlA 
INITIA 
INITIA 
INLET 
INITIA 
INLET 
INLET 
INITIA 
INITIA 
INITIA 

is 
IO 
II 

I5 
I6 
17 



SWFfWTINE INITIA 76176 OPT*2 TRACE FTN 4 6.460 01/09/80 11.58.39 

60 

VRITE16.6001 NtiAX.JMAX.KtlAX.NP.tlETH.IFtEAD.INVIS INITIA 
600 FORHATIIHI. 39H NflAX.JtlAX. KMAX.NP,HETH.IFfEAD.lNVlS ,816l INITIA 

WRITE16.6011 IREGO.ISTORE.NF.NB.JTAlLl.JTAIL2.lPLOT INITIA 
601 FORHATIIHO. 39H IRECO.ISTORE.NF.NB.JTAILI.JTAlL2.IPLOT ,816) INITIA 

URITEl6.6~jl IUPWNO.I~SCIL.LAfllN 
603 FOI-WATI 1140. 1.111 II!l’Ut4II. IO’LII ,I AMIN .OlCJ 

YHITE16,6021CNl~R,FSHACH,QlU,lf’~.RE,ALFHA 
65 602 FOHHATlIH0.36H CNBR.FS~ACH.SHU.EPS.RE.ALPHA ./.8Fl5 131 

VRITEl6.6041 XOSCIL 
604 FORHATIIHO. 20H XOSCIL ./.4El5 61 

C 

70 

75 

80 

85 

90 

95 

100 

105 

110 

COMPUTE VARIOUS CONSTANTS 
RESCALE RE FOR SPEED OF SOUND REFERENCE N’JH8ER 

RE = RE/FSMACH 
CAUHA = I 4 
CAn I 1 CAHIIA -I 
RESID 1 0 

C SHulM IS THE IIIPLICIT PORTION OF PSEUDO VISCOSITY 
Snuln~3 2*stiu 
Jfl m JtlAX- I 
KM = KHAX-I 
COSANC : COSI PI*ALPHA/lBO I 
SINANC 1 SINIPI*ALPHA/I80 I 

r LOAD FREE STREAti AT ANGLE OF ATTACK ALPHA 
DO 20 J’I.JflAX 
DO 20 KxI.KtlAX 
QIJ.K.11 = I. 
OIJ.K.21 * FSIIACH~COSANC 
OIJ.K.31 n FSflACH*SINANC 
OIJ.K.41 9 I /ICAH!lA~GAMlI l 5’FSt!ACHa*2 

C ZERO OUT Xl T AND ETAT 
XITIJ.KI = 0. 
ETTIJ;KI = 0 
DO 21 Nzl.4 

21 SIJ.K.NI I 0 
20 CONTINUE 

C INITIALIZE THE FIELD BY CAPTURING THE FIRST SHDCKAT THE RAflP 
C VALUES FROfl 2-D WEDGE THEORY c CALCtiLATlDN OF FIEL.3 VARlAOi ES 

STHCTAaSTHElA*3 141591C/ILl0 

31 

-. - 
FACI~FSilACH.FSHACC(~ISINISTHETAl**2l 

FACZnIFACI-I.l*5 /16 l FSMACti*~21 
OI~II -FAC2l*FStlACH 
Q2=IFAC2~COSlSTHETAl/SlNlSTHETAll*FS~ACH 
Q3=6.~FACI/IF%CI.5 I 
04:17.*FACl-I l/6. 
04:04* 71429/ 4 
FAC3=PI*Ql*Q2102 
FAC3~FAC3~Q3~ 5 
P4%04*FAC3 
KlKMAX 
DO 31 Jg35.40 
QIJ.K.II~03 
QIJ.K.21~Ql~O3 
OlJ.K.31~02*03 
OIJ.K.41:94 
CONTINUE 

INITIA 
INlllA 
INLET 
INLET 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INLET 
INLET 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 

PACE 2 

3: 
40 
41 
42 
43 

:: 
46 
47 
48 
49 

z 

2s 
86 

2 
09 

iit 

E 

z: 

z 

ii 
100 
I01 
102 
103 
104 
I05 
106 



SUBROJTINE INITIA 76176 OPT%2 TRACE FTN 4.6*460 01/09/80 II .58.39 PAGE 3 

II5 gyp; 
uR;TE;6.50)Q5.06.03.P4 

c 50 FORHAT~IOX.~U.V.RHO.EN~.4EI2 51 

120 

125 

130 

; RESTART CAPABILITY READ VARIABLES FROM DISC. OVERLOADING FREE 
C STREW. ALL OTHER QUANTITIES COWUTED AS IF INITIAL START UP 

IFI IRECO .GT 01 READ131 ~IIPlJ.K.~l.J.I.J~AXI.K~I.K~AXI.~~l.4l 
CALL CRlDlIREAD.DX.OYI 
CALL XYMETS 

C 
C SCALE VARIABLES BY JACOBIAN STORED BY XYtlETS IN P1J.K) 

00 IO Nzl.4 
DO IO K:I.KflAX 
DO IO J=l.JtiAX 

10 QlJ.K.NI 1 OIJ.K.NI/PIJ.KI 
C 

135 

140 

VRITEl6.6101 I Yt1.K). K~l.KtlAXI 
610 FORtiATtlH , 6Fl3.51 

13fp3yJ:=l,JtiAX 
* 0. 

40 BETXIJI = I 
DO 42 K*l.KflAX 
ALPYIKI =.O 

42 EETYIKI = I. 
RETURN 
END 

INLET 
INLET 
INLET 
INLET 
INIT!A 
INITIA 
INITIA 
INITIA 
INITIA 
INI TIA 
INITIA 
INITIA 
INITIA 
INlTlA 
INITIA 
INITIA 
INITIA 
INITIA 
INlTlA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 
INITIA 

137 
108 
109 
1 IO - 

z: 
56 

61 
62 
63 
64 

71 

33 
74 

E 



SLB?CUTIM GRID 76176 OPT*2 TRACE FTN 4 6*460 0 I/09/80 

10 f 

E 
C 

15 

20 

25 

30 

35 C 

SVBRCWTINE GRID1 IREAD.DX.DYI GRID 
cOn~ON/8ASE/NnAX.J~AX.KMAX.J~,KH,DT,FSnACH.EPS.GA~~A.GA~l.~U.Ho. 

I FV!4I.FDI4t.RE,PI,2180l.NP.METH.ALPHA.INVIS.IPLOT.RESID 
2. CNCR.lREtO.lSTORE.N~.N9.JTAlLl,JTAlL2.lOSClL.XOSClL.lUP~ 
3 LhtIlN.StiUlH.VARA.VAR9.V1R; 

CbIHON/VARS/ P178.36.4l,XY178.36.4~.Pl7~.36~ 
CO~~~/LARCE/Xl78.361.Y178.3G~.Sl78.)6.41.XITl78.~l,ETTl78.36l 
LE:EL Z.X.Y.S.XlT.ETT 

EITHER COIIPUTE A SltlPLE STRETCHED GRID FOR FLAT PLATE, OR 
IF IREAD CT 0. READ GENERAL GRIO OFF FROn DISC STORE 

WEDGE FLOW 

IO 
9 

I3 
I2 

ii 

ALP .i5 
TANT 1 TANIALP*Pl/l80 I 
IF1 IREAD CT.01 GO TO 19 
DO 9 K~l.KflAX 
XII.KI * 0. 
DO IO J=Z.JHAX 
XIJ.KI * XIJ-I.KI l DX 
CONTINUE 
00 I2 J=l.JMAX 
YlJ.ll = 0 
JWEDC = JnAX/Z 
IFI J CT JUEOCI YIJ.11 . YIJ-I.11 . DX’TANT 

FPSP 
a DY 

1 EPS 
00 13 K:Z.KHAX 
Kcn~x 1 ~~KHAX 
IFI K CT KCtiAXl EPP = 0 
DS = DSll I .EPPmI SlNlIK-21*PI/IKCflAX-ItIll 
YIJ.KI = YIJ.K-II l OS 
CONT I NUE 
GO TO 20 

READ~~~~I~~J.K~.J~~.J~~A~~.K~~.~~AX~.IIYIJ.K~.J~I.J~AX~.K~I.K~AXI 
CONTINUE 
RETURN 
END 

BASE 
VARS 
VARS 
VARS 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
tRlD 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
CR10 
GRIG 
CR10 
GFIID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
GRID 
G&ID 
GRID 

11.58 39 PAGE 1 

i: 
13 

1: 
16 
I7 
I8 
19 

z 

:: 
24 

2 

ii 
29 
30 

3: 
i43 
35 

P 
0 
w 



UWRDUT I NE OUTPT 76176 OPT:2 TRACE FTN 4 6.460 01/09/80 II.58 39 PAGE I 

SUBROUTINE OUTPTIK.NSCALI 
COflHON/BASE/NHAX.J~AX.KflAX.JM.KH,DT.FSHACH.EPS.GAKHA.GAHI.SHU.Ho, 

1 FV~~~.FO~~~.RE.PI.Z~~~~.NP.~~ETH.ALPHA.INVIS.IPLOT.RESID 
2. CNBR.IRECO.ISTORE.NF.N8.JTAILI.JTAIL2.IOSCIL.XOSCIL,lUPYND 
3 LAMlN.SMUlH.VARA,VARB.VARC 

CbltlON/VARS/ 0178.36.41.XY178.36.41.Pl78.361 
COHflON/LARCE/X178.36l.Y178.36l.Sl78.36.4l.XIT~78.36l.ETTl78.36l 
LEVEL Z.X.Y.S.XIT.ETT 

Ca*l*OUTPUTS THE NONOIH VARIABLES AND P/PST AT K 
h’RITEL6.6001 K 

600 FORnATIIHI. 32H J.X.Y.fP .N:l.41. P/PST AT K * . I51 
PT = II l 5*GAMl*FSHACH**2l 

15 

1 CAWlA/GAHl 
a 1 /IPT**GGI 

DO IO Jxl JHAX 
Plj= CAMHA;GAHl*t QIJ.K.41 - 5*lQIJ.K.2l**2*O~J.K,3l~*2l/Q~J.K.III 
PP * PP*PT 
R‘ = 1. 
IFI NSCALI 15.15.16 

M 15 Ro 2 P[J.KI 
I6 CONTINUE 

OUTPT 
BASE 
BASE 
BASE 
BASE 
VARS 
;ARS 
VARS 
INLET 
OUTPT 
OUTPT 
OUTPT 
OUTPT 
OUTPT 
OUTFT 
OUTPT 
OUTPT 
OUTPT 
OUTPT 
OUTPT 
OUTPT 

25 

30 

= QIJ.K.lI*RD 
s OIJ.K,2l*RD 

Q3 1 OIJ.K.3l*RO 
04 * P[J.K,4I*RO 

::I;,::‘&, J.XIJ KI YIJ.KI.QI.Q2.03.P4.PP 
601 FORHATIiH 15.7Elj.5i 

10 CONTINUE 
RETURN 
END 

OUTPT 
CUTPT 
OUTPT 
OUTPT 
OUTPT 
OUTFT 
OUTPT 
OUTPT 
OUTPT 
OUTPT 

111 
6 
7 

: 
10 

1: 
I3 
I4 
15 
I6 
17 
18 
I9 

:: 
22 
23 
24 
25 

;; 
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10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

SUQRCUTINE XYHETS 
COflHON/ZAH/NTlf?E 
CO~:nON/BA~~NHAX.JHAX.K~AX,JM.KH.DT.FSHACH.EPS.GAHHA.CAHI.ylU.~ 

1 FVl4l.FO14~.RE.PI.Z~80l.NP,HETH.ALPHA.INVIS.lPLOT.~SID 
2. CttBR.IRECO.ISTCRE.Ni.N8.JTIILl.JTAlL2.lOSClL.XOSClL.lUPYNO 
3 LAHlN.SflUlH.VARA.VAR8,VARC 

COtlMOHIVARS/ Dl78.36.4l X1178 36.4l.Pl78 36, 
COtlHCWLARGE/Y176 361 Yl76 361 5176 36 II xITl76 361 FIT178 361 
LEVEL 2.X.Y.S.XIT:ETT~ ~’ ‘- 

~.~~ ,_ ._~. 

C’*~‘THIS SUWOUTINE CALCULATES TM METRIC COEFFICIENTS ACCDROING TO 
THE GRID SYSTEH FOR% THE JACCBIAN 
XY~:OX/DXI. xY~:OY/OXI 

DO II K=l KYAX 
6’3 10 Jt2:Jr 
XYIJ.K.41 1 : XIJ.I.KI - XIJ-l.KII* 5 

10 XYiJ.K.3) n I YtJ.1.K) - YIJ-I.KII* 5 
XYiI.K.41 e 5.1 -3 ‘XIl.Kl *4 rXl2,Kl - Xl3,KIl 
XYII.K.31 z 5’1 -3 *yll.Kl .4 *Yl2,KI - Yl3:Kll 
XY(JHAX.K.41 * I 3 ‘X~JHAX,KI -4 *X\Jtl.KI*XiJH-l.KII~ 5 
XYIJHAX.K.31 * (3 ‘YIJI(AX.KI -4 ~YIJH,KI . YIJti-I.KII~ 5 

I I CONTINUE 
C X;~~OX/&lA. XYI*Dy/DETA 

DO 21 Jal.JHAX 
w) 20 Ks2.KH 
XY(J.K.21 1 I XfJ.K.11 - XIJ.K-III* 5 

20 XYIJ.K.ll = I YIJ.K.1, - YlJ.K-III* 5 
XYIJ.I.2, 1 I -3 ‘XIJ.1, ~4 ‘XIJ.2, - XlJ.311~ 5 
XY(J.I.Il m ( -3 *YIJ.ll .4 eY(J.21 -YIJ,3II* 5 
XYIJ.KMAX.21 a 1 3 *XiJ.KflAXI -4 *XIJ.KWl .XIJ.KH-II m 5 
XYfJ.KHAX.11 n I 3 *YIJ.hHAXI -4 mYIJ.KtlI . YIJ.KM-I I* 5 

21 CONTINUE 
C A SPATIALLY AVERAGED JACOBIAN IS NECESSARY FOR TlHE ACCURATE FLOU 

W 30 Jl I, JHAX 
JP . J . 1 
JR . J -I 
IFI J EO I OR J EQ JHAXI JP * JR 8 J 
DO 30 K*l.KHAX 
KP . K .I 

KE * K -I 
IFI K EQ I OR K EO KtiAXl KP I KR I K 
OINV a 4 /I IXYIJ.KP,LI . XYIJ.KR.4Il~l XYIJf’.K. 

- I XYIJ KP 31. XYIJ.KR.31I~iXYIJP.K.21. XYIJfi 
C....!.THIS IS A.‘NOti SPATIALLY AVERAGE0 JACOBIAN SINCE 
C A STEAOY STATE ANSWER 

DINV=I /IXYIJ.K.4I~XYIJ.K.II-XYIJ.K.21~XYiJ.K,3I 
P(J.K) 1 DINV 

Xyt!ETS 
INLET 

BASE 
BASE 
BASE 
BASE 
VARS 
VARS 
VARS 
INLET 
INLET 
INLET 
XynETS 
XYHE’S 
XYHETS 
XrnETS 
XW TS 
xrflETS 
XYHETS 
XYHETS 
XYHETS 
INLET 
XYMETS 
XYMETS 
XYHETS 
XYHETS 
XYHE TS 
XYHETS 
XYnE TS 
XYHETS 
XYHETS 
XYHETS 
XYHETS 
XYHETS 
XYttETS 
XrH;TS 
XYHETS 
XlHETS 
XYtiETS 
XYHETS 
XYtlETS 
XYIIETS 

30 CONilNUE 
00 32 Jxl.JHAX 
DO 32 K=I.KHAX 
OINV 1 P~J.KI 

lI*XYIJR.K.IIl 
f.K.2lII 

SOLUTION IS TO 8 INLET 
INLET 

I INLET 
XYnETS 
XYI’ETS 
XYtiETS 
XYt!ETS 
XYHETS 

C PiJ.?l IS THE JACOBIAN XYl~DXl/OX. XYZ*DXl/DY. 
C XY3xDETA/DX. XYIxDETA/DY 

XYIJ.K,ll = XYIJ.K.II~DINV 
XYlJ.K.21 = - XYIJ.K,2I’DINV 
XYfJ.K.31 * - XYlJ.K.3l’DINV 

32 XYfJ.K.41 x XYIJ.K.4I~DINV 
IFlNTIl!E CT.lItO TO 63 

INLET 
INLET 
XYHETS 
XYHETS 
XYHETS 
XYHETS 
INLET 

,122 
2 
3 
4 

s 
3 
4 

113 
II4 
115 

6 

i 

1: 
II 
I2 
13 

1;: 
16 
17 
I9 

ii 

2 
23 

5: 
26 
27 
i-8 
29 
30 
3: 
ii 

I:: 
1 I8 
119 

E 

s-z 

1: 
121 
42 
43 

:: 
122 

P 
0 
ul 
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60 

65 

00 64 Kll.KflAX 
WRITEl6.IOIIK 
VRITEl6.1021lPlJ.KI.J=l.JHAXI 

64 CONTINUE 
63 CONTINUE 

101 FO!7MATIIX.~K~*.l51 
102 FORHATllX.8El2 51 

3 RETURN 
END 

INLET l-73 
INLET 124 
INLET I 25 
INLET 126 

I% 127 128 
INLET 12-9 
XYMETS 46 
XYNETS 47 
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1 SI WfOUT I NE SMOOTH 

5 

IO 

15 

20 

25 

30 

35 

40 

45 

50 

55 

COf~HON/BASE/NnAX.JHAX.KnAX.JH.KH.DT.FYlACH.EPS.CAHHA.CAnI.SHU.Ho. 
I FV~~~.FDI~~.RE.PI.~~~~~.NP.HETH.ALPHA.INVIS.IPLOT,RESID 
2. CNBR.IREtO.ISTORE.NF,NB.JTAILI.JTAIL2.IOSCIL,XOSCIL.IUPUNO 
3 :LAnlN.SnUln.VARA.VARB VARC 

COnWN/VARS/ 0i78.36.4l.XYl78.36.4l,P~78.36l 
COHHOt~/LARCE/X178.36l.Y178.361.Sl78.36.4l.XIT178,36l.ETTl78.36l 
LEVEL Z.X.Y.S.XIT.ETT 
COHHON/8TRID/ A180.4.41.L180.4.41.C180.4.41.D180.4.1;.0Ul80.4,4l. 

1 F180.41 
COnnON/UPbINO/ EBlBOI.EFIBOI 

Co...THlS SUBROUTINE ADOS FOuRlH -0ROER SMOOTHING IMPLICITLY ‘TO THE 

: 
RHS AOJACENT TO BOUNDARIES SECOND SECOND ORDER SHOOTHINC 
IS AOOEO EXPLICITLY WITH 0 5 OF SHU 

: 
FOURTH ORDER SHCIOTHING. ADDED EXPLICITLY TO RHS 
SECONT ORDER AT FRINGES WITH 5 OF SHU 

Jnfl = Jn -I 
KHH z KM-I 
SOT 1 SHU*OT 

C Xl DIRECTION SHOOTHINC 
00 40 K=2.KH 
IFI IUPUNO CT 0 I CO TO 49 
00 43 J=l.JHAX 
RINV = I /QlJ.K.ll 
U : XITlJ.KI . RlNVaI XYIJ.K.II*OIJ.K.21. XYIJ.K,2l*QfJ.K.3lI 
PP: CAHl*I OfJ.K.41 - S~IPIJ.K.2l~~2.QIJ.K.3l~~2l~RlNVI 
cc * SQRTI GAHnA~PP*I XYIJ.K.I1~~2*XYIJ.K,2l*~21~RlNVl 
unc x u - cc 
UPC = u l cc 
ESIJI * 5 l SIGN1 5.UHCl 
EFIJI * 5 - SlCNl.5.UPCI 

43 CONTINUE 
C AOJuST SHOCK POINT OPERATOR 

CALL StdCKOPI2,Jnl 
49 CONTINUE 

00 42 Nzl.4 
00 41 JxI.JHAX 

41 21~1 = PIJ.KI~QIJ.K.NI 
J a 2 
S(J.K.NI * SIJ.K.NI - 5*SHU*I-ZIJ- 
J : JH 
SIJ.K.NI = SIJ.K.NI - 5*SHU*I-ZIJ- 

II 02 ‘ZIJI -ZIJ. 

II l 2 #ZlJI -ZlJ. 
00 42 J=3.JnH 

III/PlJ.Kl 

III/PIJ.KI 

gf : 1. 
- EBfJl - EFIJ.11 
- E~IJ-ii - EFIJI 

SIJ.K.Nl : SIJ.K.NI - SHuni EP*ZIJ*21 - I3 *EP . Enl~ZlJ~ll l 

I 3 *tEP .Enl*Zl~l -IEP .3 aEHl*ZfJ-II l EnlZlJ-211 /PiJ.KI 
42 CONTINUE 
40 CONTINUE 

SHOOTH 
BASE 
BASE 
BASE 
BASE 
VARS 
VARS 
VARS 
SMOOTH 
SHOOTH 
SHOOTH 
INLET 
INLET 
INLET 
SMCOTH 
SMOOTH 
SMOOTH 
SHOOTH 
sncow 
SMOOTH 
SHWTH 
SMOOTH 
SMOOTH 
SMOOTH 
SMOOTH 
SHOOTH 
SHOCTH 
SMOOTH 
SHOOTH 
SHOOTH 
SHOOTH 
SMOOTH 
snoo TH 
SMOOTH 
SHOOTH 
SHOCTH 
WOOTH 
SLOOTH 
SMJOTH 
SHOOTH 
SMOOTH 
SHOOTH 
SMOOTH 
SMOOTH 
SHOOTH 
SMOOTH 
SMOOTH 
SMOOTH 
SHOOTH 
SYOOTH 
SMOOTH 
SHOOTH 
SHOOTH 
WCOTH 
SHOOTH 
SMOOTH 

; ETA DIRECTION SMOOTHING 
DO 50 J:2.JM 
00 51 K.I:KnAX 

51 ZIKI = PIJ.KI 
00 52 Nzl.4 

K : KM 
StJ.K.NI * StJ.K.NI -SHU* 511 -ZlK-I’mO(J.K-I.NI l 2 ‘Z(KI*QIJ.K.NI SMOOTH 

11.58 39 PICE 1 

130 
131 
132 

9 
ro 
II 
12 
13 
14 
15 
I6 
17 

29 

2 
32 

42 
43 

1: 
46 
47 
48 

2 
51 
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I - Z~K~~~~Q~J.K~I.NII/Z~KI SHOOTH 52 
K 1 2 SHOOTH 53 

60 SIJ.K.NI = siJ.K.Ni -snw 5~1 -Z~K-II~O~J.K-I.HI -2 ~ZfKI*OfJ.K.H1 SMOOTH 
I - Z~K~II~OlJ.K.I.NII/:lKl WOOTH 

65 

CE 52 Ka3,KHH SJiOOTH 
52 SI J.K.NI , SIJ,K.NI -5Hu*l ZIK-2lrPIJ.K-2.NI l ZtK-2l*OlJ.K*2.NI SHSOTH 

1 06 ‘ZIKl@QlJ.K.NI ., .I ZIK-IIIQ(J,K-I.NI l ZIK*lI~O1J.K~I.NIII SECOTH 58 
2 / Z(K) SMOOTH 59 

5icoNi I NLE SHCXITH 60 

EAWN StlOOTH 
SHOOTH z; 

PACE 2 
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IO 

WBF1OUTINE SC Bc 
COtlHON/ZAHPA/NTSC 
COHHO%/ZAH/NT I HE 
COHHOd/IKl/JlNFIe INLET 
COHHON/B I R/NCR1 T INLET 
COnnON/Flt~/vvIMl I&ET 
LEVEL 2.VV INET 
COnHON/8ASE/NHAX.JHAX.KHAX.~.KH.OT.F;nACH,EpS.GAHHA.GAHl.~U.~. BASE 

I FVl4I.FDIAI.RE.PI.ZlBOl,NP.bETH.ALPHA.INVIS.l40T.~SlD BASE 
3. CN8R.IREUI.ISTORE.NF.NB.JTAILI.JTAIL2.IOSCIL.XOSCIL.IUPYHO BASE 

LAHlN.SHUlM.VARA VARB.VARC 
C~HMONN/VARS/ 0i78.3G.41,xYl7a.36.~i.P178,36l 

8ASE 
VARS 

COMHCN/LARGE/X178 36l.Yl78.36l.Sl78.36.41.XITl78.36l.ETTl78.36l VARS 
LEVEL 2.X.Y,S.XIT,ETT VARS 
COHHON/AXI/JAXI INLET 
DINENSIGN OETASl801.MTASll60l.Al8Ol.Bl8Ol,ClBOl,Fl8Ol INET 
DINENSIGN UOl3.80l.V00,80l.ENl3.60I.PPBl3.~1.0ENl3.8Ol l&ET 
OIHENSION VVISOI INLET 

20 

25 

m 

35 

DATA INIT.NN/O.O/ PC-- 
C****THIS SUBROUTNE EVALUATES BOUtQAFiY CONDITIONS AT THE SOLID WALLS AH) INLET 
C INLOW-OUTFLOW SECT IONS 
C SEi JINPL 70 THE J-INDEX CORRESPONOINC TO FIRST HESH ON RAMP 

INLET 
ltiiET 

IFI INIT CT 01 GO TO 9 
READl5.IOIILFAC.JAXI 

101 FOilHAT 
c - IF-LFACmI OUTFLOW IS SUBSONIC OTHERWISE SUPERSONIC 

YRITEl6,4!LFAC,JAXI 
4 FORHATIIX.~LFAC~~.I2,~JAXl~~,l21 

KHAXHl=KHAX-I 
C IF JAXI *I FLOW IS AXISYHH IF JAXllO PLANE FLOU 

JINPLx34 
RINFsl 0 
PINFaI /GAMMA 
O~NF.FS~~ACH 
HTINF~CAHHA/tAHI~PINF/RlNF.0l~~~2~0 5 
INIT g I 

Bc-- 
INLET 

IK 
INLET 
INET 
INLET 
INET 
INLET 
INLET 
INLET 
INLET 
INLET 
SC 

40 

JI m JTAILI 
J2 1 JTAIL2 
J3*JINFI 
J;P L Jl l I 

INET 
Bc 

45 

50 

55 

f 

J2R a J2 -1 
JIR z JI -I 
JZP g J2 l 1 

k’d JaJI J2 
OETASI JI m’ETTfJ.KI 
DETASIIJI~ETTIJ.KHAXI 

90 COHTIh& 
FOSO 10 FOR FIRST OROER AND *I FOR SECOND OFIOER ACCllRACY 

IN THE EVALUATION OF OPOETA 
FOSO * 0 

C 
9 NN I NN l I 

C BOOY INFLATED OVER I50 ITERATIONS 
T n I NN -l.l/36 

ii 
IFeET 
BC 

IFI T CT I I T * 1 
SCAL z 110. -15 *T l 6 *T*Tl aTea E 

2 
133 
134 
I35 
136 
137 
138 

2 s 
: 
2 
3 

14 
140 
I41 
I42 

14; 
144 
145 

14; 
I47 
148 
I49 
150 
I51 
152 
153 
154 
I55 
156 
157 

8 

I2 
I3 

1: 
16 
17 

159 

1: 

E 
22 

IZ 

2 
26 
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60 

65 

70 

75 

80 

85 

90 

95 

I00 

105 

110 

IFI IREGO CT.01 SCALnl. 
SCALI =SCAL c 

; NCRlT IS NTIHE WHEN SHOCK IS AT LIP IN SUBCRlT OUTFLOW 
NCRlT~2500 

C 
NNE*I 
IFINN LT NNEIGU TO 60 
T-INN-NNEl/40 
IFIT CT I ITal 
SCAL=IIO -I5 l T.6 *TaTl*Tm*j 
IFI IREGO CT OISCAL-I 

E OBTAIN u AN0 v ON 8001 VIA y~~tEt+Cy AND ExTRAP~ATI~N 0F KAP 
C THIS SECTION FOR COUL WALLS 

00 52 J=JI. J2 
UEXT * 2 ‘I XITIJ.21 l XYIJ.2.Il*OlJ.2.2I/OIJ.2.II l XYlJ.2.21~ 

I OIJ.2.3l/OIJ.2.lIl -I XITIJ.31 l XYlJ.3,ll~OIJ.3.2l/OlJ.3.Il 
2 l XYIJ.3.21 *01J.3.31/0lJ.3.111 

IFI INVIS .CT 01 UEXT z 0 
Ul * I XYlJ.l.41~lUEXT - XITIJ,lll l XYlJ.I.2I~ETTIJ.IlI/PIJ.II 

:: 

52 
60 

67 
62 
61 

C 
C 

Bc 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INCET 
INLET 
ImET 
INLET 
INLET 

BC 
SC 
INLET 

E 

ii 

E 
VI 1 I - XYIJ.l.31~~ UEXT - XITIJ.lll -XYIJ.I.II~ETTIJ.III/PlJ.II BC 
Ul = ( 1. - SCALl*O~J.I.2l/~lJ.I.ll l SCAL*UI 
VI . I 1 - SCALl*OlJ.l,3l/QIJ.l.ll . SCALgVI E 

02 AN0 03 NOW SATIFY TANi;ENCY INDEPENTLY ff WHETHER 
OENSITY IS LAGGED 

OIJ.l.21 .UI~OIJ.I.II EC 
OIJ.1.31 . Vl*OIJ.l.ll SC 
CONTINUE Bc 
CONTINUE INET 
Kal INLET 
SCAL-SCAL I INLET 
IFINN GE NNEICO TO 61 INLET 
DO 62 I*l.4 INLET 
DO 67 JnJl.J2 INLET 
OlJ.K.Il~OIJ.K*I.II~PlJ.K*lI/PlJ.Kl INLET 
CONTINUE INLET 
CONTINUE IhLET 
CONTINUE INLET 

INLET 
THIS SECTION FOR BODY l RAMP WALLS INLET 

KzKHAX INLET 
KPl”.KH- 1 

DO 53 J*Jl.J3 
IJEXT:2 ~lXlTlJ.KHl.XYlJ,KH.lI~OIJ.KH.21/OIJ.KH.Il*XY~J.KH.21~ 

~OIJ.KH.3l/OlJ.KH.lII-IXITIJ KHHl.XYIJ.KHH.lI’OlJ.KHH.2l/OIJ.KHH. 
l *XYIJ.KHH.2l-OIJ.KHH.3l/QlJ.KMH,Ill 

IFIINVIS CT OIUEXT:O 0 
U2~lXYIJ.K.4~~lUEXT-XlTlJ.Kll.XYlJ,K,2~~ETTlJ,Ktl/PlJ,K~ 
V2~l-XYlJ.K.31~1UEXT-XlT~J,KlI-XYlJ.K.Il~ETTlJ.KII/PIJ.K1 
U2:ll -SCALI~OIJ,K.21/OIJ.K,lI.SCAL*U2 
V2:Il -SCALl~OIJ.K,3l/QlJ.K,Il.~AL’V2 

02 AN0 03 NOW SATISFY TAIGENCY INOEPENOTLY OF UHETHER 
OENSI TY IS LAGC.tO 

l-dIJ.K.2I~U2’OlJ.K.II 
OlJ.K.31.V2’OlJ.K.lI 

53 CONT I NuE 

!NLET 
INLET 
INLET 

II INET 
INLET 
IMET 
INET 
INIET 
INLET 
IMET 
INLET 
INLET 
INLET 
IkiT 
INET 

‘7 
161 
162 
163 
I64 
I65 
166 
167 
I68 
169 
I70 
171 

s-t 
172 

3: 

3: 
35 

2 

z 
40 
41 
42 
43 

If: 
174 
175 
176 
177 
178 
179 
180 
I81 
182 
I83 
184 
16-5 
I66 
167 
18a 

Iti 
191 
192 
193 
194 
195 
196 
197 

IEi 
200 
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115 55 CONTIME 
C 
C 

IFILFAC M IIM TO I 
co TO 2 

120 I CONTINI~ 

E 
SUPERCRITICAL OUTFLOW B C 
VARIABLES EXTRAPOLATED 

@J 999 Knl.KNAX 

IX 

IJO 

135 

140 

145 

150 

155 

I60 

I65 

170 

I 

PIJ.l.31~0 
OIJ.KtiAX.31=0 
OIJ.K.41:PIJ~I.K.4l~PIJ.I.KI/PlJ.K 

999 CONTINUE 
GO TO 63 

2 CONTINUE 
C OUTFLOW BOUNOARY 

FTN 4 6*460 01/09mo II 58 39 

c If LFACnI. O~TFLOY IS SUPSONIC OTNRUISE SUPERSONIC 
E TEST IF UPSTREAtl OR OOYNSTKEAH IS REFLECTED 

SUBCRITICAL OUTFLOY B C 
W II K-I.KMAX 
PPEII.K1*6 4 
U)12.Kl~PI2.K.21/~l2.K.l1 
VOII.KI~O 
lJOII,KI~IX)I2,KI 
MN12.KI~012.K.II~PI2.KI 
OENII.KI~DENI2.Kl 

11 t0NTlt~E 
C SETS WALL PRESSURE 

PPBll.IIs FPBII.2I 
PPBII.K~IAXI~ PPBII.KHI 

C NOW CALCULATES ENERGY 
DO I7 K:I.KHAX 
F;AP~~O~NI~,KIIO 51ru011,~11~2) 
EN~I.KI~RAPI.II / 4l*FP6II,Kl 

I7 CON1 I MJE 
C CAI.CUlA!tS FLIJX VARIAtlICS. FORHS Q-HAT 

00 19 Kal.K!!AX 
SOS~SOi7TIAOSII 4*PPRII,KI/OfNI1,KIll 
~I~.K.I~~DEN~I.KI~PII,KI 
OII.K.2I.IOENII.KI~UO!l.Kll/Pll,Kl 
OII.K.3l~lDENII.KI~~~DII,KII/PII.Kl 
QII.K.4I~ENlI,KI/PII,KI 
IFIUC’II.KI LT SOSIG’I TO 203 
QII.K.II~OI2.K.II*Pl2.KI/PII,Kl 
OlI.K.2l.Ol2.K.2l~Pl2 KI/PIl KI 
OII:K.31~012.K.3l*PI2 KI/PII KI 

203 CONTINUE 
I9 CONTINUE 
63 CONTINUE 

KL%JP* I - 

77 :;;.o 
00 76 K*I.KHAXtll 

IMET 291 
EJC 45 
PC 46 

t:EE; $3 
IKET 
INLET f2 
INLET 
IMET % 
INLET 
INLET 
INLET ii 
INLET 211 
IFllET 212 
INLET 213 
INLET 214 
It&ET 215 
IKET 
IMET 2 
INLET 218 
INLET 219 
ec 47 
INLET 220 
INLET 221 
INLET 222 
IMET 223 
IKET 224 
INLET 
INLET E 
INLET 227 
INLET 228 

E $59 
IHCET 231 
INCET 232 
INLET 233 
INLET 234 
IKET 
It&ET SE 
IHLET 237 
INLET 
It&ET E 
INLET 240 
INLET 241 

IE 
242 
243 

INLET 244 
IKET 245 
INLET 246 

747 
240 
249 
250 

INLET 
INLET 2: 
l&ET 
It&ET 2: 

PAGE 3 
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PAI~QIJ.K.2l*P~J.KI.QlJ,K*l.2I*P(J.K.Il 
PAZ=yiJ K.ll-YIJ KI 
FLii=FLti;PAI=PA2;‘5 

76 CON1 I NUE 
FLRl-FLR* S/RINF/QINF 
~~lTEl6.137lFLR.NN.J 

137 FORMATIIX.~HOOT.~ .El2 5.aTlHE STEP~.l5.~JINMX~~.l5l 
KDUP~KDW* I 
JxJ.5 
IFIKDUP LE 4lCO TO 77 

C EN0 OF SHE METHOD 
J n JHAX 
DO 20 K=l.KHAX 
D-3 21 Nzl.4 

21 QI J.K.NI = PIJ-I.K.NI*PIJ-I.KI/PIJ.KI 
20 CONTINLF 
29 CONTINUE 

175 

‘180 

185 

I90 E SATISFY flOtlENTL!d RELATION FOR NOR 
C THIS SECTION FOR COVC 

I95 

200 

235 

210 

215 

220 

225 

K 1 I 
IFINN LE NNEICO TO 73 
00 30 J*JI.JZ 
RHO I QI J.K. 1 l*PlJ.KI 
UJ i I XYIJ.K.II*OIJ.K.2l l XI 

I l XIT(J.KI 
UXI m 5*l OIJ*I.K.2l/QlJ.I.K. 
VXI = 511 llIJ.l.K.3l/0lJ.I.K. 
FF . RHO’UU’I XYIJ.K.3I*UXI.XY 

I DETASI JI I/DT 

hL PRESSURE DERIVATIDN 
hLLS 

I - PIJ-I.K,2I/OIJ-I.K.lII 
I - PfJ-I.K.31/0lJ-I.K.III 
J.K.4l*VXII -RHO’lETTIJ.Kl - 

C*~*~AXISYflMETRIC OPTION 
AXl.IOlJ.K.2I/OIJ.K.IlI*XYlJ.K.3l 
AX2~101J.K.3l/QIJ.K.III~XYIJ.K.41 
AX3mAXI.AX2 
AX4-RH0~lPlJ.K.3l/PlJ.K.III/YIJ.Kt 
FF=FF.AX3*AXd*JAXI 
DETASI JI x ETTIJ.KI 
Cl = XYlJ.K.3l*XYIJ.K.ll l XY~J.K.2I*XYiJ.K.4I 
C2 : XYIJ.K.31*‘2 . XYIJ K 411~2 

* CAMi;l.tilJ.2.4! - 5~1~lJ.2.21~*2-01J.2,~1~~2l /QIJ.2.ll I 
a CAMI- OlJ.3.4l - 5~lQIJ.3.21”2.0lJ.3,3l~*2l /9lJ.,.ll I 

FI;I : -FF.C2*I-II .FOSOI~P2’PIJ.K.II. 5~FOSU*P3~PlJ,K.211 
AIJI * - 5mCl 
CIJI = 5*CI 
BIJI . -II l 5*FOSOl*C2 

30 CONTINUE 
JJ * JI-I 

INLET 
INLET 
I&ET 
It&ET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 

E 
l?C 

E 
EC 

EE 
INLET 
BC 
INLET 
EC 

iE 

E 

:: 
BC 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 

eB 

:I 

iE 

iE 
EC 
EC 

PBC = CAHl*( QlJJ.K.41 - 5*l PlJJ.K,2I**2 .QIJJ.K.31~*21/01JJ.K.1I : 
I I 
FIJII I FIJII - AlJIl=PBC*PIJJ.KI 

1 J2-I EC 
;i& s CAHlrl QtJJ.K.41 - 511 O(JJ.K.21**2 l 01JJ.K.31~~21/QlJJ.K.1) BC 

I I 
Fl J21 . FIJZI - CiJ2l*PBC~PlJJ.KI E 
CALL TRIBIA.B.C..?.F.JI.J21 Bc 
OU 31 J.Jl.j2 BC 
FI=FlJI/PlJ.Il INLET 

255 

25 
258 

z 
261 
262 
263 
264 
265 

55 
56 
57 

z 
60 
2: 

266 

2:: 
64 
65 
66 
67 

:89 
70 

2:: 
269 
270 
271 
272 
273 

77: 
74 
75 
76 

3: 

ii 

83 
84 
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IFINTIHC C& NTSLIW 
IFIJ LT IOIBETAa I 

161 CCNTINUE 
;FILFA~-NE IlGO TO 33 
IFlNTlnE LT NCRlTlCO TO 33 

C CHAt+!X THIS CAfiD FOQ EACH KU GEOMETRY 
IFIJ CE 30 ANO J LE 39lEETAn I 

33 CoEtiltKE 
IFIJ GE Jl.1 ANO J Lf J2-II 

l FI~lll -2 ~~iAI~FIJI~~~iA*lflJ~lt~FlJ~llll/PlJ.Kl 
C RESCALE 02 AN@ 03 TO NEW Dih”Jll? SUCH THAT MN REFORt!i% RS% 
C FRZl 01 TO Qd, THE !<OfR(AL [XRIVATIVE OF PRESSLlRE IS SIllFlED 

31 
13 

C 
65 

I- 

mo I GIJ.K.~I 
OlJ.K.ll 1 GlJ.2.tI*PIJ.2l/PIJ.II 
OIJ.K.21 1 QlJ.K.2l~GlJ.K.ll/~ 
QIJ.K.31 I GlJ,K.3l~~fJ,K.II/R~ 
GlJ.K.4I~FI/CAtll.O 5’~GIJ.K.21~~2.OlJ.K.3)lr2l/GlJ.K.ll 
CONTINUE 
CF i’ I ha 

CONlIWE 
THIS SECTION FO+? Boo1 l RAMP WALLS 

K n KHAX 
W 40 J*Jl.J3 
RHJ~GIJ.K.II~PIJ.K~ 
W~IXYIJ.K.II*OIJ.K.2I.XYIJ.K.21*GlJ.K.3ll/G1J.K.tI.XITIJ.KI 
UXIaO 5~1GlJ.l.K,2l:GlJ.l.K.II-G!J-I.K.2llGlJ-1.K.III 
VxlaO ~*IGIJ.I.K 3l/CIJ.I.K.II-GIJ-I.K.3t/GIJ-I.K.III 
IFlJ HE J3lu) TO 45 

245 

250 

255 

260 UXlao 5113 *O!J.K.2, 
l GIJ-2.K.III 

vxI~0 5113 *G~J.K.~I 

/OIJ.K.ll-4 *al 

/GlJ.K.II-4 101 

J-I.K,2l/OlJ- 

J-l.K,3l/PlJ- 

.I(. I I.01 

.K.ll.Ql 

J-t.K.211 

J-2.K.311 

265 

l GIJ-2.K.III l GIJ-2.K.III 
CONTIHVE CrnTlHvE 
FF~W~W~IXYIJ K.31 FF~W’W*IXYlJ.K.3I 

*KIT *KIT 
AXlSYtMETRlC OPTION AXlSYtMETRlC OPTION 

AXI~IOlJ.K.2l/0lJ.K. AXI~IOlJ.K.2l/0lJ.K. 
Ax2*lGt J.K.31/01 J.K. AX2*IOt J.K.31/01 J.K. 
AX3-AXI.AX2 AX3-AXI.AX2 

I::: 
IHET 
IhLET 
IhLET 
It&ET 
IKE1 
IKEY 
IKET 
IKET 
IKET 
IKET 
IN-ET 

2:: 
It&El 
IRET 
IRET 
IKET 
l&ET 
IFPET 

l::: . 

45 

CDDSl 

VXI t-RHO~IETT I J.KI-DEI ‘ASIIJII 

III*XYIJ.K.31 
III@XYlJ.K.41 

270 

275 

AX4:Rt+3*IOIJ.K.?I/GlJ.K.III/YIJ.Kt 
FFzFF.AX~*AX~*JAXI 
DETASIIJIsETTlJ,KI 

P2*~t!l~lGlJ Kti 4t-0 5~lGfJ.KH 21~~2.GlJ.h~.31~*2~/0lJ,K~,l1l 
P3stA~l~101J.~~fl 41-O 5*lGlJ KHM 2l~*:.GIJ K~M,31**21/0lJ.KW.Ill 
FIJI--FF.C2*I-(I .FOCOl *PI*PI J KMI ~IIJ 5*FOSO~P3~Pl J KMI I 

3lF 
31 I 
312 
313 
314 
315 
316 
317 Al Jls- 5*CI 

BtJln-II .O 5aFO501*C2 
Cl,‘l~O 5aCI 

40 car1 IM 

200 

205 

318 
319 

2 
322 
323 

JJ*JI-I 



290 

295 

SLWXITIFE BC 

I62 

300 

3G5 

76176 OPT.2 TRACE FTN 4 6-460 01/09/m II 58 39 PACE 6 

FI ~F(JI/~~IJ.KHAXI 
BETA10 
IFlNTltlE GE NTSCIGO TO I62 
IFIJ LT IOIEETA~ I 
CC!ml&E 
IFIJ GE J1.l AYD J LE J3-II 

.FI.lII -2 ~E~TAIIF~JI.BE~A*IF~J-~~~F~J.~~~I/PIJ,K~~AXI 
C RESCALE C2 AH;) 03 TO hTU DENSITY SuCH TMT MN REFOIMINC FXSSWf 
C FROM 01 10 Q4 THE t&XMAL DERIVATIVE OF f'XSS4.M IS SATISFIED 

RH~.PIJ.K.II 
~~J.K.II~OIJ.K~I.II~PIJ.KNI/PIJ.KHAXI 
OlJ.K.2l~~lJ.K.2l*QlJ,K.IliRHO 
PIJ.K.31~0iJ.K,31*0l I,K.II/fWO 
OIJ.K.4I*FI/CAtlI.O 5~IOIJ.K.2I**2.~IJ.K.3l~~2l/O~J.K.ll 

II Cc+i7lN#I 
FETGN 
Eta 

INlET 324 

IIS: 325 326 
It&ET 327 
IMET 

I% 
E 

I:;: 
3? 
332 

IKET 333 
IKET 334 
ItUT 
IMET 3: 
It&ET 337 z: 33a 

IN-ET :ii 
INET 341 
It&ET 342 
IRET 343 

E 
117 
118 
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SUBROUTINE RHS 
COnHON/8ASE/NNiX.J~AX.K~AX.JN.Kfl.DT.FSflACH.E~.GANHA.GAMI.S~U.HO. 

I FV~~~.FD~~~.M.PI.Z~~~~.NP.~ETH.AL~~A.INVIS.IPLOT.RESID 
2. CN8R.IRECO.lSTORE.NF.NB.JTAILt.JTAIL2.IOSCIL.XOSCIL.IUPUM 
3 LAHlN.SflUlH.VARA.VARB.VARC 

CbHHON/VARS/ 0178.36.41.XY178.36.4l.Pl78.361 
CONMON/LARCE/Xl78.36l.Yl78.36l.5178.36.4l.XITl78.36l.ETTl78.36l 
LEVEL Z.X.Y.S.XIT,ETT 
COMNON/8TRID/ A180.4.41.Bl80.4.4l.C180.4.4l.0180.4.41.DU180.4,4t. 

1 Fl80.41 
C0t%ON/UPYM/ EEll00l.EFl801 
COtltlON/AVERti/ 551801.SXPI801.SYP~801.SXN1801.SYN1801.SFl801 
DltIENSlON vPI80.41 VNl80.4t.C~80.41 

15 

20 

25 

30 

35 

40 

45 

60 

55 

~O~~H~N/AXI/JAXI~ -. 
COfl~ON/AXISYtf/FAXIl4l 
COtlHON/SYM/HAXIl80.50l 
LEVEL 2.HAXI 

Caa**THIS SuEROuTE CALCULATES THE RHS OF THE FINITE DlFF EON IN DELTA 

: 
FORH ALCORI THH 
FOR 2ND OfiDER IN TIIIE SET RO=-0 S*DT 

E 
F0R FIRST ORDER IN TINE SET Ron-D1 

CENTRAL DIFFERENCINC USED IN ETA DlRECTlDN 
00 29 J=2. JH 

EY 2o K’l.K”AX * XYIJ.K.3) 
R2 = XYIJ.K.II 

a ETTfJ KI 
::LL FLUXVEIJ.K.RI.R2.0 .R4l 
DO 22 NzI.4 

22 FIK.NI = FVINI 
20 CONTINUE 

I?0 * - 5mDT 
CALL DIFFERIF.FV.FD.RO.2.Kfll 
DO 24 Nzl.4 
DO 24 Kx2:Ktl 

24 SlJ.K.NI * FIK.NI 
29 CONTINUE 

C 
IFI INVIS.CT 01 CALL VISRHS 

k CENTRAL/UPWIND DIFFERENCINC USED IN XI 
C COMPUTE FLUX VECTORS AND UPWIND SWITCHING PARANETERS 

DO I9 Ks2 KN 
ti 10 Jsi:JtiAX 

= XYIJ.K.11 
s XYIJ.K.Zt 

R3 1 XlTIJ.KI 
CALL FLUXVEIJ.K.RI.R2.R3.0 I 
IFI IUPUND CT 0 I GO TO 49 
RINV * I /QIJ.K.lt 
U 1 XITIJ.KI . RINV~I XYIJ.K.II*OlJ.K.2I* XYlJ.K.2t~PfJ.K.3ll 
PP* CAfil*I PIJ.K.41 - 5*lOIJ.K.2t~*2*0lJ.K,3l~~2l*RlNVl 
cc ’ SORTI CAHflA*PP*l XYIJ.K.II*~2.XY~J.K.2~‘*2l~RlNVl 
wlc 1 u - cc 
UPC = u l cc 

RHS 
BASE 
EASE 
BASE 
BASE 
VARS 
VARS 
VARS 
RHS 
RHS 
RHS 
RtlS 
RHS 
’ NLET 
INLET 
INLET 
INLET 
RHS 
RHS 
INLET 
INLET 
INLET 
INLET 
RHS 
RHS 

E 
RHS 
RHS 
RHS 
RHS 
RHS 
RHS 
RHS 
RHS 
RHS 
RHS 
RI;S 
RHS 
RHS 
RHS 
RHS 

ES 
RHS 
RHS 
RHS 
RHS 
RHS 

2 
RHS 
RHS 
RHS 

6 
7 

ii 
344 
345 
346 
347 

IO 

3:: 
349 
350 
351 

21 

33 
24 
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60 

65 

70 

75 

80 

85 

90 

EEIJI = .5 l SlCNl.5.UHC~ 
EFtJl = 5 - SlGNI.S.WCl 

49 CONTINUE 
DO 12 Nsl.4 
HAXI~J.NI*FAXIINI 

12 FIJ.NI m FVlNl 
IO CONTINUE 

C ADJUST SHOCK POINT OPERATOR 
IFI IUPbiNO LE.01 CALL SHCKOPl2.JHl 
RO - - 5mDT 

lJ*IIl*FlJ*I.NI l I EEIJ-II 
I. l EEIJ-II -EFIJII~FIJ-I.N 

DO 18 N=1.4 
0’3 18 J:2.JH 
CIJ.NI * l?O*1 I1 -EEfJI l EF 

I EFIJ*Il -EFIJI~IFIJ.NI -I 
18 CONTINUE 

W 17 Nll.4 
DO 17 Ja2,JH 

17 FtJ.NI = ClJ.NI l .5gf EEIJ-I 
I . EFfJ.lI*SIJ*l.K.NII 
00 I4 Nal.4 
00 14 Jn2,Jtl 

I4 SIJ.K.Nl = FlJ.NI 
Ca*“AXISYtltlETRIC OFTION 

Do 8 Nzl.4 

RHS 
RHS 
RHS 
RHS 
INLET 
RI45 
RHS 
RHS 
RHS 
RHS 
RHS 
RHS 

l EEIJI - RHS 
II RHS 

RHS 
RHS 
RHS 

lI*SIJ.K.Nl RHS 
RHS 
RHS 
RHS 
RHS 
INLET 

I*S(J-l.K.NI.12 -EEIJI-EFIJ 

DO 8 Ja2.JH 
SlJ.K.NI~SlJ.K.Nl.HAXI~J.NI~JAXI~RO 

8 CONTINUE 
I9 CONTINUE 

GO TO 9 
C 
c 

9 CONTINUE 
RETURN 
EN0 

INLET 
INLE; 
INLET 
INLET 
RHS 
.RHS 
RHS 
RHS 
RHS 
RHS 
RHS 

PACE 2 
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10 

I5 

20 

25 

30 

35 

40 

45 

50 

55 

SUBROUTINE FLUXVE1J.K. RI.R2.R3.R41 FLUXVE 
COHHON/AXISYH.‘FAXI 141 INLET 
COHMON/ZAHPA/NTSC INLET 
COHHON/BIR/NCRlT INLET 
COMHON/ZAM/NTltlE INLET 
COMHON/8ASE/NflAX.J~AX.KHAX,Jfl,K~,OT,FSMACH,EPS,GAHHA,GAHl.SflU.HD. EASE 

I FVI4I.FOI4i,RE.PI.Z180l.NP,HETH.ALPHA.INVIS.IPLOT.RESIO BASE 
2. CNBR.IRECO.ISTORE.NF,N8.JTAILI.JTAIL2.IOSCIL.XOSCIL.lUPWNJ BASE 
3 LAtllN.SHUlH.VARA.VARB,VARC 

CbMHON/VARS/ Pl78.36.41.XY178.36.41.P178,361 
BASE 
VARS 

COHMON/LARGE/Xl78.36I.Yl78.36l.Sl78.36.41.XITl78.36l.ETTl78,361 VARS 
LEVEL Z.X.Y.S.XIT.ETT VARS 
RR = I./QIJ.K.II FLUXVE 
U 1 PIJ.K.ZI*RR FLUXVE 
V : OIJ.K.3llRR FLUXVE 
RO = R3 l R4 FLUXVE 
QS : A0 l RI*U l R2’V FLIJXVE 

Cmaa*THIS SU8ROUTlNE COMPUTES THE VECTOR OF UNKNOWNS IN THE TRANSFORHEO INLET 
c.. SfiOOTHlNG OF THE PRLSSURE flELD INLET 

OETAnO 0 INI CT 
Pi’JPl .O~O 
PPJHI*O 0 
PINFaI O/GAMMA 
RINFal .O 

INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 
INLET 

IFIJ.GE 30 AN0.J LE 381BETA= I INLET 
EETAI=EETA INLET 

20 CONTINUE INLET 
KHAXHb=KtlAX-6 INLET 
JHAXH6:JHAX-6 INLET 
IFIK GE KHAXH6 AND J GE JHAXHblBETA~.I INLET 

C SUECRITICAL CASE INLET 
IFlNTlflE GE NTSGIGO TO 31 INLET 
IFIJ LT IOlEETA=.I INLET 
8ETAI:EETA INLET 

31 CONTINUE INLET 
liRP:I /iifJ*l.K.lJ INLET 
RRfl:I /QlJ-l.K.11 INLET 
UP:QIJ.I.K,2I~RRP INLET 
VP:QIJ*I.K.JI*RRP INLET 
Ufl:QlJ-l.K,2I*RRli INLET 
VH:QlJ-l.K.3l’RRH INLET 
PPJPI:GAHl~lQIJ*I.K,4I*PIJ*I,KI-0 5~QlJ*I.K.Il~PIJ*I.KI*iLJP*UP.VP INLET 

s*VPI I INLET 
PPJHl:GAMl*lQlJ-I.K.dl~PfJ-I.Kl-0 5*QlJ-I.K.ll*PlJ-I.KI~IUH~Ufi*Vfl INLET 

<*vnl I INLET 
5 PPJ:GAHl*IQlJ.K,41*PIJ,Kl-0 5*QlJ.K.Il~PIJ.KI~IU~U.V*VII INLET 

PP=fII -2 ~8ETAI*PPJ.BETA*tPPJPi.PPJtlllI/PIJ.KI INLET 
Cs***AXISYHMETRUC OPTION INLET 

360 
361 

2 
3 
4 

362 
363 
364 
365 

3% 
368 
369 
370 
371 
372 
373 
3;: 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
383 
390 
391 
392 
393 
394 
395 
396 
397 
338 
399 
400 
401 

PAGE I 
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SUBROUTINE FLUXVE 76176 OPT;2 TRACE 

C CONSTRUCT THE H-VECTOR 
FAXIIIl~PIJ.K.II*V/PIJ.KI 
FAXIl2I~QIJ,K,II*V*U/PIJ,KI 60 

65 46 

70 

FTN 4.6+460 01/09/80 11.58 39 PAGE 2 

FAXI13l=FAXlliI*V 
FAXlI4l:IlPlJ.K.~l/PIJ.KII*PPI*V 
00 46 Nsl.4 
FAXIINI:FAXIIN~/~YIJ.KI~PIJ.KII 
CONTINUE 
PIJ.K,4i~PP/GAMl*O 5~IQlJ.K.21~~2*0IJ.K,3l*~2l/9lJ,K,1I 
QIJ.K.II~IQIJ.K.4I.PPI/HTINF~f?~TAl*~lJ.K.ll~ll -8ETAIl 
FVIll= QIJ.K.II*OS 
FVl2lm PIJ.K.21*95 l Rl*PP 
FVl3la QlJ.K,3l*QS l R2*PP 
FVl41 m QS.1 QIJ.K.41 - PPI - PP*AO 
RETURN 

i NLET 492 
INLET 403 
INLET 404 
INLET 405 
INLET 406 
INLET 407 
INLET 408 
INLET 409 
1 NLET 410 
’ *,.LET 41 I 
o LUXVE II 
FLUxVE 
FLUXVE if 
FLUXVE :4 
FLUXVE I5 
=LUXVE I6 



-TINE DIFFER 76176 OPT=2 TRACE FTN 4.6*460 01/09/80 11.58.39 

SUBROUTINE OIFFERIF.FV.FO.RO.I1.12l 
OIHENSION F180.41.F~141,F0141 

C..*.THlS SUBROUTINE TIME-DIFFERENCES IF Ron-0 50T SECONO OROER 
C IF RO*-OT FIRST ORDER 

00 12 Nxl.4 
12 FOINI = FIII-l.NI 

00 10 I=Il.IZ 

IO 

iP *-I .I 

Ki: N’1.4 = I FIIP.NI - FOlNlI*RO 
FDINI n FIl.Nl 

10 FII.NI * FVINI 
RETURN 
END 

OIFFER 

~tsR 
3 

412 
INLET 413 
DIFFER 
DIFFER 
DIFFER 6 
DIFFER 
DIFFER 
DIFFER 
DIFFER 1: 
OIFFER II 
DIFFER 
DIFFER 

PACE I 
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10 

15 

20 

25 

30 

35 

40 

45 

50 

SUBROUTINE STEP STEP 
COHHMJ/8ASE/NHAX.JHAX.KHAX.JM.K~.DT.FS~ACH.EPS.GAM~A.GAflI.S~U.~. ;;;E 

I FVl4l.FOl4l.RE.PI.2l80l.NP.HETH.ALPHA.INVIS.IPLOT.RESIO 
2’ CNBR.IREGO.ISTORE.NF.N8.JTAILI.JTAIL2.IOSCIL.XOSCIL.IUPVND 6ASE 

lUlH.VARA.VAR8.VARC EASE 5‘. LAtliN.~f 
COHHON/VAR! 
COflHONILARl 

;/ 0178.36.41.X1178.36.41.P178.361 VARS 
;E/Xl78.361.Y178.361.S176.36.41.XlTl78.36l.ETTl78.361 VARS 

LEVEL Z.X.Y.S.XIT.ETT VARS 
COHt4~~tdS~~lO’ Al80.4.4l.8180.4.41.C180.4.41.0180.4.41.0U180.4.4l. STEP 

STFP I sV”,-s - .-. 
COHtlON/AVERH/ SSf80l.SXPl80l.SYPl8OI.SXNl80l.SYNl80l.SFI8OI STEP 
COtiHON/UPUNO/E8l80l.EF~80l STEP 

.- CT!=P 
&~~~THIS SUBROUTINE CONSTITUTES THE HAIN STEP IN THE 

-. -. 
INTEGRATION PROCE INLET 

CALL BC STEP 
CALL RHS STEP 
CALL SHOOTH STEP 

COHPUTE L2 RESIOUAI STEP 
KM 1 KH/2 STEP 
RESIO = 0 
00 I5 Nzl.4 
00 15 K*Z.KHH 
00 15 J=2,JH 
RESIO a RESIO l SIJ,K,NI*~2 
RESIO = RESIO/I IJH-ll*lKHH-Ill 
RESIO * SQRTIRESIOI/I OT l 000051 

CENTRAL SCHEflE WITH UPYINIJ 
00 IO Kz2.KM 
CALL FILTRXIK.l.JMAXI 

MUST BE ZERO ON 8 C 
CALL BTHIl2,JHl 
00 II Jn2,JH 
00 II Nzl.4 
SlJ.K.NI : FlJ.NI 
CONTINUE 
00 20 J-2. JH 
CALL FILTRYIJ.I.KHAXI 
CALL ETRll2,KHl 
00 21 K=Z.KH 
00 21 Nxl.4 
OIJ.K.NI 1 FIK.NI l 0IJ.K 
CONTINUE 
GO TO 9 

*NJ 

9 CONTINUE 
URITEI6.IOII RESIO 

101 FORHATlIX.~RESIOUAL=*.EI2.5I 
RETURN 
END 

STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEF 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
STEP 
INLET 
INLET 

2::: 

t 
3 
A 

40 
41 
42 

415 
416 

43 
44 



SWROUTINE FILTRX 76176 OPT*2 TRACE FTN 4.6.4&l 01/09/80 

1 SUBROUTINE FILTRXIK.Jl.J21 
c~MON~8ASE/NHAX.JHAX.KMAX.JM.KH.OT,FSHACH,EPS.GAr;HA.CA~l.s~u.M,. 

I FV~~I.FO~~~.RE.P~.Z~~~~.!~P.~ETH.ALPHA.INVIS.IPLOT.RESIO 
2. CNER.IREGO.ISlORE.NF t~B.JTb1LI.JTAIL2.IOSCIL.XOSCIL.IUPUNO 

5 3 LAHlN.StiUltl.VARA,VAF?8,VARC 
COHHON/VARS/ 0178.36.41.XY178.36.4I,P178.361 
cOMHOt~~LARtE/Xl78.36l.Y~78.36l.Sl78.36.4l.XITl78.36l.ETTl78.36l 

IO 

15 

2u 

25 

30 

35 

40 

45 

50 

55 

Cma**THIS SUWOUTINE HAKES THE FIRST IHPLICVIT SYCEP IN THE XI-DIR 
ALSO APPLIES APPLIES THE PSEUOG-INPLICUT ‘3HOOTHING IN TH XI-DIR 

JA = J1.l 
c 

C 

49 

12 

1il 

22 

ii 

;I: ;,‘::;I J2 

i: 
= XYlJ.i(.llWU 
a XYIJ.K,2I*H0 

CALL AHATRXIE.J.K.RI.R2I 
LFI IUPUN3 GT 0 I GO TO d9 
COflPUTE SWITCHING PAfiAMETERS FO R @‘YIN0 OIFFERENCINC 

RINV 1 I /OfJ.K. I I 
U = XITfJ.KI l RlNVat XY~J.K.lI*Q(J.K,2I* X:lJ.K.2l*QlJ.K,3lI 
PP* GAfll*I QlJ.K.II - 5~10~J.K.2l~~2.01J.K,3l~*2l*RlNV~ 
cc 1 SORT1 CAHHA@PP*l XYIJ.K.II~~2.XYlJ.K,2I*~21~RINVI 
UK = u - cc 

= u l cc 

%Jl = 5 l SIGN1 5,UMCI 
EFIJI * .5 - SlGNl 5,UPCI 
CONTINUE 
DO II N-l.4 
00 12 nsr.4 
O~J.N.~~I 1 EIN.~~I 
O(J.N.Nl = OlJ.N.NI l HO*XITIJ.Kl 
CONTINUE 
IF’ IUPYNO.LE.OI CALL SHCKOPI2,JHl 
W 20 J=JA.J: 
00 21 N=I 4 
w 22 H:l.4 
AfJ.N.Hl = -II .EBlJ-II -EFIJIl*OIJ-I.N.Hl 
8lJ.N.MI 1 I EBIJ-II . EBIJI - EFIJI -EFIJ~II~~O~J.N.HI 
ci~.N.Hi 1 II - EBIJJ 9 EFiJ~llI*0iJ+l.N.tf1 
CONTINUE 
FIJ.NI * siJ.K.Ni 
A~J.N.NI 8 AIJ.N.NI l EBIJ-Ii* 5 
8IJ.N.NI I BIJ.N.NI -I - 5ml EBIJI l EFIJII 
CIJ.~I.NI f CIJ.N.NI . EFIJ*IIe 5 
EP=SHtilti/PlJ.Kl 
AIJ.N.NI 1 AIJ.N.NI - EPaPlJ-I.Kl 
8lJ.N.Nl * BIJ.N.NI .2 8SHUlM 
CIJ.N.NI = CIJ.N.NI -EP’PIJ+I.KI 
CONTINUE 
CONTINUE 
RETURN 
END 

LEVEL Z.X.Y.S.XIT.ETT~ 
.~ 

COM!lON/ARRAY/ ALPXI801.ALPY1801.EETXl80l.8ETYl80l 
C(hmON/BTRlO/ Al8O.4.4l.B1~O.4,4l.Cl~O.4,4l.Ol~O.4,4l,OUl~.4,4l. 

I Fl80.41 
COMHON/tiPUNO/ EBl8Ol.EF180: 
DIMENSION E14.41 

FICTRX 
EASE 
@ASE 
BASE 
BASE 
VARS 
VARS 
VARS 
FlLTRX 
FlLTRX 
FILTRX 
FILTRX 
FILTRX 
INLET 
INLET 
FILTRX 
FILTRX 
FlLTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
F ILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
F I LTRX 
FILTRX 
FlLTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
F ILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
FILTRX 
F I LTRX 
FILTRX 
FILTRX 
F I LTRX 

11.58.39 PACE 1 

9 
417 
418 

IO 

1: 
I3 
I4 
15 

1: 

1: 

ZY 

30 

3: 
33 
34 

z 
37 

3: 
40 

:: 
43 

:z 
46 
47 
48 



SU8RCUTINE FILTRY 76/?6 OPT*2 TRACE FTN 4 6.460 01/09/80 11.58.39 PAGE I 

1 SUBROUTINE FILTRYlJ.KI.K21 
COMflON/BASE/N~AX.JMAX.KflAX.JH.KM.DT,FSHACH,EPS.GA~HA.GAHl.SHU.HD. 

I ~FVi4~.FDi4l.RE:PI.Zi801.~P.MET~.ALPHA.INVIS.IPLOT.RESID 
2. CNBR.IRECO.lSTORE.NF,N8,JTAlLl.~JTAlL2.lOSClL,XOSClL,lUPUNO 

5 3 , LAMlN.StlUlfl.VARA.VARB.VARC 
COMHON/VARS/ Pl78.36.4r.XYl78,36.4l.P178.361 
COMMON/LARCE/Xl78.36l.Yl78.361.Sl76.36.41.Xlll78.36l.ETT~78.361 

10 

LEVEL Z.X.Y.S.XIT:ETT~ 
COMMON/ARRAY/ ALPXlB01.ALPYl801.BETXl80l.BETYI8OI 
COt%l@N/BTRID/ A180.4.41.8180.4.41.Cl80.4.4l.Dl80.4.41.0Ul80.4.41, 

1 Fl80.41 
DIMENSION El4.41 

15 

20 

25 

30 

35 

40 

C....T~:S’S%&!JTlNE MAKES THE SECOND IMPLICIT SWEEP IN THE ETA-DIR. 
C ALSO APPLIES PSEUDO -IHPLICIT SMOOTHING IN THIS DIR. 

K8 : K2 -I 
iij 10 -l?:KI .K2 
RI . XYIJ.K.JI *HO 
R2 = XYlJ.K:41*HO 
CALL AHATRXlE.J.K.RI.R2I 
00 II N:I 4 
iti 12 H:l:4 

I2 OIK.N.Hl = ElN.Hl 
I1 DlK.N.NI = OIK.N.NI l HD*ETTl3,KI 
10 CONTINUE 

DO 20 KmKA.KB 
DO 21 Nal.4 
00 22 H=l.4 
AIK.N.Hl 1 - DIK-1.N.M) 
8IK.N.Hl * 0. 

22 ClK.N.HI 1 DlK*I.N.Ml 
FIK.NI - SlJ.K.Nl 
EP * SHUIWPI J.KI 
AIK.N.NI n AIK.N.Nl -EP*PlJ.K-II 
BlK.N.NI 1 BIK.N.Nl *I. 02 @SflUlH 
CIK.N.NI s ClK.N.NI -EP*PIJ.K*II 

21 CONTINUE 
20 CONTINUE 

IFI INVIS .CT 01 CALL VlSHATlJl 
RETURN 
END 

FILTRY 
BASE 
BASE 
BASE 
BASE 
VARS 
VARS 
VARS 
F I LTRY 
F I LTRY 
F I LTRY 
FILTRY 
F ILTRY 
INLET 
INLET 
F I LTRY 
F I LTRY 
FILTRY 
FILTRY 
FILTRY 
F I LTRY 
FILTRY 
F I LTRY 
FILTRY 
FILTRY 
FILTRY 
FILTRY 
F I LTRY 
FILTRY 
FILTRY 
FILTRY 
FILTRY 
FILTRY 
FlLTRY 
FILTRY 
FILTRY 
F I LTRY 
FILTRY 
F I LTRY 
FILTRY 
F ILTRY 

; 
3 
4 
5 

I5 
I6 
17 
16 
I9 

s:. 
22 

543 
25 
26 

:; 
29 

2 
32 
33 

3: 



-TINE AHATRX 76176 OPTa TRACE FTN 4.6*460 01/09/80 11.58.39 

20 

25 

30 

SUBROUTINE AHAlRXIA.J.K.RI.R2I AflATRX 
COHHON/BASE/NMAX.JHAX.KnAX Jn.KH.DT,F~ACH.EPS.CAHMA.GAHl.SHU.~O. F-I:;: 

1 FV~~~.FO~~~.RE.PI,Z~~~~.NP.HE~H.A:PHA.INVIS.IPLOT.RESID 
2. CNPR.IRECO.ISTORE.NF.NB.JTAILI.JTAIL2.IOXIL.XOSClL.IVPYNO BASE 
3 . LAHlN.SHUlM.VARA.VARB VARC BASE 

COfiMON/VARS/ 9178.36.4l,XY178,36.4l,Pl78.361 VARS 
COMMOt~/LARCE/Xl78.3G~.Yl78.361.Sl78.36.4l.XITl78.36l.ETTl78.36l VARS 
LEVEL Z.X.Y.S.XLl.ETl VARS 
DIHENSION A'.,41 AHATRX 

C~*~~THlS SUBROUTINE CALCULATES THE JACOBIAN HATRiCES USED THE LINEARIZA INLET 
GAH I E GAtlflA -I AHATRX 
RR m I / QiJ.K.Ii AHATRX 
U 9 OlJ.K.2I'RR AttATRX 
zT= 01 J.K.31*RR AMATRX 

= U’U l vmv AHATRX 
cl 1 CAHI *LIT* 5 AHATRX 

AHATRX 
AHATRX 

All.21 x Al AtlATRX 
All.31 i R2 AHATRX 
All.41 1 0 AHATRX 
Al2.11 s I -U*U l Cll*Rl -umVaR2 AHATRX 
Al2.21 1 - I CAMHA -3 I~U~RI . V 9R2 AHATRX 
Al2.31 * - CAHlaV*RI . U'R2 AHATRX 
Al2.41 m tAHi*Ri AMATRX 
Al3: II I - UaV'RI . I -V*V *tIleA AnATRX 21 

Al3.21 . V*RI - tAfiImU*R2 AMATRX 
Al3.31 . UaRl .I3 -CAHtlhl*V@R2 AMATRX $3 
Al3.41 . GAHlaR2 AHATRX 
PS = lJ*Rl l V*R2 AHATRX 2 
Al4.l) = I - C2 l Cl*2 I*QS AHATRX 26 
Al4.21 * I C2 -CIl*Rl - GAMl*U~QS AHATRX 
Al4.31 = I C2 - ClirR2 - GAHl~V*QS AMATRX 
Al4.41 m CAHUA~QS AMATRX 

g 

RETURN AHATRX 
EN0 AHATRX 

35 

: 
421 

6 
7 

: 
10 

1: 
13 
14 
15 
16 
17 



SUBROUTINE HAP 76176 OPT12 TRACE FTN 4.6*460 01/09/80 

I SUBROUTINE HAP ~IM.Jfl.Ul 
DIMENSION Ul78.361. NNIBOI 

UAP 
HAP 

5 

DATA lSL.lBL/Iti/.lil / HAP 
C~~~~THIS SUBROUTINE HAPS THE QUANTITY U ITRANSFORMATION JACOBIAN1 NORHA INLET 
C ON THE MAX AND HIN VALUES INLET 
C ESTABLISH HAX AND MIN HAP 

VARf?X a 0 
VARtiN * 1000000. 
DO IO J=l.JM 

IO DO IO l~l.lH 
VTEST 1 ABSIUll.Jl I 

,12.13 

14.10.10 

IFIVTEST-VARnXl I2 
13 VARnX * VTEST 

12 IFI VTEST - VARnNl 
VARHN a VTEST 
CONTINUE 

15 14 
10 
C 

II 
C 

20 

25 

DEL = IVARMX-VARMNI 
IFIDEL- 00011 99.ll.11 
ML = IOOI~DEL 

00 15 JJll.JH 
J x JM*I-JJ 
00 I6 Ial.ln 
AVAR 1 ABSlUII.JI)-VARHN 
NNI I I = AVARIOEL 
YRITE(6.1001 INNIIl.I=l.lH I 
FORHATIIH ,ll9llI 
00 17 I-I.lH 
NNIII * IBL 30 

35 

nAP 
HAP 
HAP 
HAP 
HAP 
HAP 
HrP 
HAP 

I6 

100 

nAP 
HAP 
HAP 
HAP 
UAP 
HAP 
HAP 
MAP 
HAP 
HAP 
HAP 
HAP 
MAP 
HAP 
HAP 
HAP 

17 lFlUll.Jl LT 0 01 NNIII = ISL HAP 
URITEl6.IOII I NNIII. l.l.lH I MAP 

101 FORnATI1H*.ll9AlI UAP 
15 CONTINUE HAP 
99 RETURN HAP 

EN3 HAP 

PAGE I 



SUBROUTINE VlSFiHS 76/76 OPT-2 TRACE FTN 4.6*460 0 I /09/B0 11.58.39 PACE I 

SUBROUTINE VISRHS 
C~M~ON/BASE/NMAX.J~AX.KMAX.J~.K~.~T.FS~A~H.EPS,GAHHA.GA~I.~U.~. 

I FV14~.F014l.RE,PI.21801.NP.HETH.ALPHA.INVIS.IPL0T.RESID 
2. CNBR.IRECO.ISTORE.NF.NB.JTAILI.JTAIL~.IOSCIL.XOSCIL.IUPVND 
3 . LAHlN.SHUlM.VARA.VAFiB,VARC 

COHHON/VARS/ 017@.36,41,~1178.36.41.P178,36l 
COM~ON/LARGE/Xl78.361.Yl78,36l.Sl7B.36.4l.XlTl78.36l.ETTl78.361 
LEVEL 2.X.Y.S.XIT.ETT 
COHMON/BTRID/ AI80.4.41.8l80.4.41,Cl80,4.41.0180.4.41.WlB0.4.4l, 

1 F180.41 

15 

20 

25 

30 

35 

40 

45 

50 

55 

COHHON/ VISC/ Ul801.Vl801.C1lBOl.C2lBOl.C3l8Ol,C4l8Ol 
COHHON/HUTUR/ TURMUl78.36l.SNORl80l.DELSTl8O~.THOl8Ol 
COMMON/ KINMU/ FMUl8Ol 
DATA FHU /BOaI O/ 
DATA PR.PRTR.FRT/ 72. 8.1 333333/ 

TCl8Ol 
THI 1801 

VlSRnS 
BASE 
BASE 
BASE 4 
BASE 
VARS 
VARS 
VARS 
V I SRHS 
VISRHS 
V I SRHS 
VISRHS 
V I SRHS 
V I SRHS 
V I SRHS 

DATA TURHU/2808~0 / VISRHS 
C*a*aTHIS SUBROUTINE CALCULATES THE VISCOUS TERMS IN THE RHS OF THE FINI INLET 
C E’$~T~ON51~T~~~TA FORM ALGORITHH INLET 

l VISRHS 
v I SRHS 

C 

c 

31 
C 

GPR 1 GAMMA/PR 
IFI LAHIN GE 01 CALL MUTUR V I SRHS 

v I SRHS 
V I SRHS 
v I SRHS 
v I SRHS 
v I SRHS 
V I SfiHS 
VISRHS 
V I SRHS 
V I SRHS 
V I SRHS 
v1sRns 
V I SRHS 
VI SRHS 
V I SRHS 
V I SRHS 
VISRHS 
V I SRHS 
.V I SRHS 
v I SRHS 
v I SRHS 
V I SRHS 
V I SRHS 
V I SRHS 
v I SRHS 
VI SRHS 
V I SRHS 
V I SRHS 
V I SRHS 
V I SRHS 
V I SRHS 
VISRHS 
VlSFinS 
VI SRHS 
v I SRHS 
V I SRHS 
VISRHS 

DO 30 Ja2.JH 
CALL WKINIJI 

DO 31 K:I.KHAX 

KS 
= l./OIJ.K.II 

1 XYlJ.K.31**2 
EYS = XYlJ.K.41*=2 
EXY * XYlJ.K.3I*XYlJ.K.41~ 3333333 
TURIi = TURflUiJ.Ki 
VNU . FMUIKI l TURH 
GKAP = FMUIKI l PRTRaTlJR?i 
UIKI : QIJ.K.2l’RR 
VIKI = OIJ.K.3lrRR 
DJAC * HRE/PIJ.KI 
VNUJAc 1 VNU*OJAC 
Cl IKI a VNUJACal FRT*EXS l EYSI 
C2lKl = VNUJAC’EXY 
C3lKl a VNUJACel EXS l FRTeEYSl 
C4lKI = GPR*DJAC*I EXS l EYSI*GKAP 
TCIKI * QlJ.K.4lmRR - 5*l UIKla92 l VIKl*rZl 
CONTINUE 

K= I 
KP . K .I 

* .i CilKPI.CIIKII*I UIKPI -UlKlI 
= CZIKPt l C2lKI 

S2 = SS*l VIKPI - VIKII 
53 = SSml UIKPI - UIKII 
54 * I CJIKPI l C3lKll*l VIKPI - VtKlI 
R2 I 51 . 52 
R3 = s3 l % 
R4 1 I CllKPl . c41~1111 TCIKP~ - Tci~ii 0 591 SI*IUIKPI~JIKII 

1 . 54*l VIKPl.VIKIII . UIKPI@S2 l VIKlmZ.3 
DO 32 KaZ.KM 
KP 1 K l 1 

12 
424 
425 

I3 

1: 

j8 
29 
30 

3: 
33 

3: 
36 
37 

40 

1: 
43 

t: 
46 
47 
48 



SUBROUTINE VISRHS 

60 

65 

70 

75 

Bo 

76f 76 OPT*2 TRACE 

l C~IKPI-C~IKII*I UIKPI -UIKII 

FTN 4.6*460 

CZtKPl l CZIKI 
SSal VIKPI - VIKII 
SSaf UIKPI - UIKII 
I CJIKPI + C3lKIl=l VIKPI - VIKII 

2: 
l s2 
l s4 

I C4lKPI l C4lKIl*l TCIKPI - TCIKII l .5~1 Sl~IUlKPI*UlrOl 
1 l 54~1 VlKPl*VIKIII l UlKPIaS2 l VtKlrS3 
FIK.11 = 0 
FIK:21 = F2 - A2 
FlK.31 = F3 - R3 
FIK.41 * F4 - R4 

i3 
. F2 
m F3 

R4 1 F4 
32 CONTINUE 

C 
W 33 KxZ.Kti 
DO 33 Nzl.4 

33 S~J.K.NI = S~J.K.NI . FIK.NI 
30 CONTINUE 

RETURN 
END 

01/09/60 

VISRHS 
VISRHS 
V I SRHS 
V I SRHS 
V I SRHS 
V I SRHS 
VISRHS 
VISRHS 
VISRHS 
V I SRHS 
V I SRHS 
V I SRHS 
V I SRHS 
v I SRHS 
V I SRHS 
V I SRHS 
VISRHS 
V I SRHS 
VISRHS 
V I SRHS 
VISRHS 
V I SRHS 
V I SRHS 
VISFfHS 

11.58.39 PAGE 2 

69 

5: ;i 
?3 

;; 



SUBROUTINE VISHAT 76f 76 OPT*2 TRACE FTN 4.60460 01/09/00 11.58.39 PAGE I 

1 SUBROUTINE VISHATIJI 
COnHON/BA~E/N~AX.JHAX.KHAX.JH.KH.OT.FSHACH.EPS.GAHHA.GAHI.SHU.~. 

I FVl4l.FDI4I.RE.PI.2l80l.NP.HETH.ALPHA.INVIS.IPLOT.RESID 
2. CNBR.IREGO.ISTORE.NF.NB.JTAlLI.JTAIL2.IOSCIL.XOU:IL.IUPYHO 
3 LAMIN St4UlH VARA VARB VARC 

10 

15 

20 

25 

Jo 

35 

40 

45 

50 

55 

LEVEL 2.X.Y.S.XIT.ETT 
COMHON/l3TRIO/ A180.4.41.B180.4.4l.C180.4.41.0tB0.4.11.l80.4.4l, 

I Fl80.41 
COMHONf VISCf U1801.V180l.C11801.C2l80~,C3180l.C4l801,TC1801 
COHHON/HUTUR/ TURHUl78.36l.SNORl80l.DELSTl80l.THOl80l.THll80l 
COWlON/ KINHW FHUl80l 
DlflENSlON RR1801 

C****CALCULATES THE JACOBIAN HATRICES FOR VISCOUS FLOW IN THE Y-SWEEP 
C OF THE INTEGRATION PROCESS 

DATA Pfi.PRTR.FRT/.72. 8.1 333333f 
CALL HUKINIJI 

C 
HFE * HOIRE 
GPR * GAHHA/PR 
DO IO K:l.KHAX 
RI : I /QIJ.K.I 
EXS * XYIJ.K.31 
EYS * XYIJ.K.41 
EXY * XYIJ.K.31 

**2 
**2 
*XYIJ.K.II* 3333333 

TURH * TURMUlJ.KI 
VNU * F@JlKl . TURM 
GKAP * FHUIKI l PRTR*TUR?l 
DJAC * HRE/PIJ.KI 
VNUJAC * VNU*DJAC 
Cl IKI * VNUJAC*l FRT*ExS l EYSl 

CIIKI m VNUJAC*I FRT*EXS l EYSI 
C2IKI * VNUJAC*EXY 
C3lKI * VNUJAC’I EXS . FRT*EYSl 
C4lKI * GPR*tJAC*I EXS l EYSl*GKAP 
RRIKI * Rl 
UIKI * RI*PlJ.K.2l 
VIKI * RI*PIJ.K.3l 
TClKl m QIJ.K.4l’Rl - I UIKl**2 l VIKI**2l 

10 CONTINUE 
tll fOKK*2.KHAX 

-I 
CCI * CIIKRI l CIIKI 
CC2 * C2lKRI* C2lKl 
cc3 * C3lKRI* C3lKI 
CC4 * C4lrRI* C41KI 
OIK.2.ll * - I CCI*UIKRI l CC2’VIKRII ’ 
OUIK.2.ll m -I CCI*UIKI l CCZ*VIKII*RRI 
DIK.2.2I * CCl*RRIKRI 
DUlK.2.21 * CCI*RRIKI 
DIK.2.31 * CCZ*RRlKRl 
DUIK.2.31 * CCZ*RRlKl 

IRR 
Kl 

IKRI 

DlK.2.41 * 0 
DUIK.2.41 * 0 
DIK.3.ll * - I CC2*UlKRI l CC3*VIKRIl*RRIKRl 

VlSJfAT 
BASE 
BASE 
BASE 
BASE 
VARS 
VARS 
VARS 
VISHAT 
VI SHAT 
VI SHAT 
VISMAT 
VI SHAT 
v I SHAT 
INLET 
INLET 
VISHAT 
VISHAT 
VISHAT 
VISHAT 
VI SHAT 
VI SMAT 
VISHAT 
VISHAT 
VI SHAT 
VISUAT 
VISHAT 
V I SHAT 
VIWAT 
V I SHAT 
V ISHAT 
V ISHAT 
VISHAT 
VlSflAT 
VISMAT 
VISHAT 
VI SHAT 
VISMAT 
VI SHAT 
V I SHAT 
VI SHAT 
V ISHAT 
VISHAT 
VI SHAT 
VI SHAT 
VI SHAT 
VISHAT 
VI SHAT 
VISHAT 
V I SMAT 
V I SHAT 
VISMAT 
VISHAT 
VI SHAT 
VISHAT 
VISHAT 
VISHAT 

x 
i 

I: 
426 
427 

;: 
13 

I: 
16 
17 
18 
19 

z 

zi; 
24 

s;: 
27 
28 
29 
30 

:: 

s: 
35 
36 

z; 
39 
40 
4i 
42 
43 

a: 
46 
47 
48 



SUBROUTINE VISHAT ?6/76 OPT*2 TRACE FTN 4.6*460 01/09/Eo 11.56.39 PAGE 2 

60 

65 

70 

75 

80 

85 

DUtK.J.ll = - 1 CC2mUIKl l CC3*VIKII*RR(KI 
OIK.3.21 = CCZ*RRlKRI 
DUtK.3.21 I CC~*RRIKI 

VlSHAT 
VISHAT 
VlSflAT 54 

CI;I;j$;,’ CC3aRRIKRI VISMAT 55 
. . . m CC3*RRIKl VlSflAT 56 

OlK.3.41 8 0 VISHAT 
DUIK.3.41 s 0. VISHAT 
DIK.4.ll * -I CC4*TCfKRl l CCI~UIKRl**2 l 2 *CCZ*UIKRtrVIKRI . VlSliAT 59 

1 CCB*VIKRI~~ZI*RRIKRI VISHAT .60 
OUlK.4.ll a - iCC4~TCIKl l CCl9UlKl1*2 l 2 ~CC2~UIKb*VlKl l Vl$AT 

I CC~~VIKI~~~I ‘RRIKI VlStiAT 
DIK.4.2) n -CC4*UIKRIefiRlKRI - DIK.2.ll VISHAT 
OUtK.4.21 * -CC4~Ulk!@RAIKI - DUIK.Z.ll VISMAT 
OIK.4.31 I -CC4*VIKRl.RRIKRI - 01K.3.ll VIWAT 
WlK.4.3lm -CC4*VIKI~RRIKI -WIK.3.ll VlSflAT 
DIK.4.41 * CCI*RRlKRI VISHAT 
DUIK.4.41 n CC4 *RRlKl VISHAT 

20 CONTINUE VIY(AT 
DO 30 K=Z.Kfl VIStlAT 
KP a K*l V I SHAT 
00 31 Nx2.4 VISMAT 
DO 31 n-i.4 VISHAT 
AIK.N.Hl * AlK.N.Ml - OIK.N.lil VISHAT 
EIK.N.tll 1 BtK .N.fll .DIKP.N.Hl dtut~.N.fll VISHAT 
CIK.N.lil a CIK.N.Hl - WIKP.N.fll VISMAT 

31 CONTINUE v I SWAT 
30 CONTINUE VISKAT 

RETURN VlSflAT 
EN0 VISHAT 



SWRUUTIM EICEN 76/76 OfTz2 TRACE FTN 4.60460 01/09/Bo Il.56 39 PACE 1 

I 

5 

10 

15 

SU8RCUTINE EICENINI 
COn~OH/BASE/NHAX.JHAX.K~AX.J~.K~.OT.FS~ACH.EPS.CA~HA.CAHI.SnU.HO. 

1 FVl4l.F0~4l.RE.PI.Zl80l.NP.HETH.ALPHA.INVIS.IPL3T.RESID 
2. CNBR.IREtO.ISTO”E.NF,N8.JTAILI.JTAIL2.IOSCIL.XOSCIL.IUPYND 
3 LAlllN.SfiUlH.vARA.VAR&VARC 
~C&i&/ViiRS/ 0i78.3t.41.~Y178.36.41.P178,36l 
COtl~ON/LARCE/X178.36l.Y178.36l.SI78.36.4l.XlTl78.36l.ETTl78.36l 
LEVEL Z.X.Y.S.XIT.ETT 

C.**~Ti%‘&ROUT1NE CALCUIATES THE EIGENVALUES OF KImA*K2*B TO FIND 
C ALLOWABLE TlliE STEP FOR GIVEN COURANT N’JMBEA 

;:&A: = 0. 
DO 1 K=Z.Kfl 

R ’ J’2.Jn = I./OIJ.K.II 
U * OIJ.K.2I*RI 
V = OIJ.K.3l*RI 

io 

25 

30 

35 

40 

ROOT=GAtll*CA~MA~lO~J,K,4l~Rl-0 5*ILbU.V~VIl 
IFIROOT LT 0 OIROOT~O 0 
SNDSP*SORTlROOTI 
SICA:A9SIU*XYIJ.K.II*V*XYlJ.K,2I1 .SNDSP~SPATIXYlJ.K.ll~~2* 

I XYlJ.K.2l*~ZI 
SICB I AESIU~XYtJ.K.31 .V*XYIJ.K.III l SNDSP*SORTIXYlJ.K.3I*~2 

. XYIJ K 41**2l’ 
C rkOTE XIT iNI!l ETT NOT IN CALCUATION 

SIGAB a AMAXIISIGA.SICBI 
IFI SICAB - SltHAXII.l.3 

3 

I 

600 

601 

45 

JT * J 
KT = K 
SlCt!AX 1 SIGAB 
CONTINUE 
NNCRn 10000 
IFtN.CE NNCRlCNBRm 9 
l$.C~6l?~SICHAX 

. . 
SHU:OT*l2. 
StlUlti*3 2~SrlU 
YRITEf6.600lJT.KT.OT.CNBR. snu.snuln 
FORnATllH .29H J.K.DT.CNBR. StW.SHUlMP.215.5F15.10l 
CNI%l~DT~SIGMAX 
MITE16.60llJT.KT.CNBRI 
FOfWATIIX.~JT KT.CN!3Rl~.215.EI2 51 

INLET 
BASE 
BASE 
BASE 
BASE 
VARS 
VARS 
VARS 
EIGEN 
INLET 
INLET 
EICEN 
EICEN 
EICEN 
EICEN 
EIGEN 
EICEN 

FrE’: 
INLET 
INLET 
EICEN 

KS 
EIGEN 

ET: 
EICEN 
EICEN 
EICEN 
EIGEN 

:s: 
INLET 
INLET 
INLET 
INLET 
INLET 
INLCT 
INLET 
INLET 
INLET 
INLET 
EICEN 
EICEN 

426 

3 

: 
2 
3 

: 
429 
430 

6 

i 
9 

IO 
II 
12 

,431 
432 
433 

14 
15 

1; 
18 

:zl 

2 -a-. 

i. 
434 
435 
436 
437 
438 
439 
44c 
441 
442 
443 
444 



SUBROUTINE CPPLOT 76176 OPT;2 TRACE FTN 4.60460 0 l/09/80 11.56.39 PAGE 1 

15 

20 

25 

30 

35 

SUBROUTINE CPPLOT 
COn~ON/BASE/N~AX.JHAX.K~AX.J~.K~.OT.FS~ACH.EPS,GA~HA.GAHI.SflU.HD 

1 FV14l.FDI4l.RE.PI.2l80l.NP.~ETH.ALPHA.INVIS.IPLOT.RESIO 
2. CNBR.IREGO.ISTORE.NF,NB.JTAILI.JTAIL2.IOSClL.XOSCIL.IUPVNO 
3 LAHlN.SHUltl.VARA.VARB.VARC 

UhON/VARS/ O~78.36.4l.XYl78.36.4l.P178.361 
CON~ON/LARCE/X178.36l.Yl78.36l.Sl78.36.4t.XlTl78.36l.ETTl78.36l 
LEVEL 2.X.Y.S.XIT.ETT 
DlflEtiSl~t~~X~l 1201. 

C****THIS SUGROUTINE PLOTS THE NORMALIZED PRESSURE COEFF 
CPflAX a- 1000000 
CPHIN * 1000000 
DO10 J 1 JTAlLl.JTAILZ 
JJ* J l I - JTAILI 

I 
:P’= PIJ KI~CA~HA*CA~l*~0lJ.K.41-.51(PIJ.K.2l~~2*0lJ.K,3~*~2~ 

1 /QIJ.K:llI 
C CHANGE SIGN OF cP ~fl ROT NEGATIVE UPWARD 

CP 1 -IPP-I I/( 5*tAHf4A*FSHACH~~2I 
IFI CP CT CPHAX I CPHAX * CP 
IFI CP LT. CPMINI CPMIN 1 CP 
XXI JJI = XIJ.KI - XOSCIL 

lo Z(JJI=CP 
IIHIN I ll.2*CPhlN 
IIHAX a II 2*CPHAX 
CPtlAX = IlHAX@ I 
CPHIN 8 IlHlNl I 
CPT = I 8 

‘40 

45 

CPN 1 1 2 . CPMIN 
IFI CPN CT 0 I CP?tlN m -I 2 
IFlCPHAX LT.CPTI CPHAX 1 CPT 
CALL AXISI 0 ,I .CPHlN.CPHAX.10.101 
CALL LABELlIHX.l.2HCP.21 
JNER 1 JTAILZ - JTAILI 01 
CALL PLOTIXX.Z.JNBR,OI 

c PLOT AIRFOIL ON BOTTOM OF PLOT 
YfllN 1 1000 
DO 20 J a JTAILI.JTAIL2 

::,;I” 
l 1 - JTAILI 

= YlJ.1, 
IFI ZIJJI LT YI~INI YHIN I ZIJJ~ 

20 CONTINUE 
Do 22 J * JTAILI, JTAIL2 

C SCALE Y TO GIVE TRUE AIRFOIL SHAPE ON STRETCHED CooR...CW?O IS I 
JJ * J l I - JTAILI 

22 ZIJJl* CPfllN l (ZIJJI-YMIN1.I CPMAX-CPMINI 
CALL PLOTIXX.Z.JNER,OI 
RETURN 
END 

CFPLOT 

EZ 
BASE 
BASE 
VARS 
VARS 
VARS 

:~%T 
CPhOT 
CPPLOT 
CPPLOT 
CPPLOT 
iPPLOf 
CPPLOT 
CP!=IOT 
CPPLCT 
CPPLOT 
CPPCOT 
CPPLOT 
CPPLOT 
CPPLOT 
CPPLOT 
CPPLOT 

:EG 
CPPLOT 
CPPLOT 
CPPLOT 
CPPLOT 
CPPLOT 
CPPLOT 
CPPLOT 
CPhOT 
CPPLOT 
CPPLOT 
CFPLOT 
CPPLOT 
CPPCOT 
CPPLOT 
CPPLOT 
CPPLOT 
CPPLOT 
CPPLOT 
CPPLOT 
CPPLOT 
CPPLOT 
CPPLOT 

5 
445 

6 
7 

16 
I7 

21 

;s 
24 
25 

Se 
39 
40 
41 
42 
43 
44 



-TINE CLCD 76176 OPT-2 TRACE FTN 4.60460 01/09/60 II 58.39 PACE I 

I 

5 

IO 

15 

20 

25 

30 

35 

cc 

C 

UlBR0uTiNE CLCDINSCAL~ 
CO~~~ON~BASE~N~AX.J~~A~.K~AX.~~.K~.~T.F~ACH.E~.~A~HA.CA~I.~U.~, 

I FV~~~.FDL~~.RE.PI,Z~E~~.NP,HETH.ALPHA.INVIS.IPLOT.RESID 
2. CNER.IRECO.ISTORE.NF,N6.JTAlLI.JTAIL2.IOSCIL.XOSClL.lUPVNO 
3 LA~lN.SHUl~,VAAA.VAh’B vARC 

Cimt4ON/VAW 01711 3~~,~1.x1170,36,41.P178.38~ 
CO~n‘Ot~/LAHCC/kl711.3~~l.Y178,36l.Sf7~.~~ 41.~17178.36l.ET1178.36l 
LEVEL 2.X.Y.S.xlT.ETT 

ROUTINE SUPPLIES FORCE AM) NOHEl,T CMFFS ON AIRFOIL SURFACE 
CPC 1 2 /ICAHHA*FSHACH~~2l 

COMPUTE CP AT GRID POINTS ANiJ STORE IN Z ARRAY 
W IO JxJTAILI, JTAILZ 
PP = GAfll~I 0lJ.1.4l- 5~10IJ.1.21~~2.0IJ.1.3l*~2l/01J.1.1l1 
IFI NSCAL EO 01 PP 8 PP*PlJ.lI 

IO ZIJI a IPP*CAtWA -I l*CPC 
COtWTE NORMAL FORCE COEFFICIENT AND CHDRD DIRECTED FORCE COEFF 

CHORD TAKEN AS ONE IN ALL CASES 
CN . 0 

II 

6al 

602 

EC 1 0 
CHLE a 0 
SREF-3 056 
ALFiEF 056 
JTPa35 
W II J.JTP.JTAIL2 

::z 
BASE 
VAHS 
VARS 
VARS 
CLCO 

%i 
CLCO 

CC% 

:::; 
CLCD 

E% 
CLCO 
CLCD 

1:5: 
INLET 
CLCD 

CPAV . I ZIJI . ZIJ-Ill’ 5 CLCO 
CN:CN-CPAV*IXIJ.Il-XIJ-I.IlI/SREF 
CC*CC.CPAV*lYlJ.Il-YIJ-l.IIl/SREF I::: 
CHLE~CHLE.CPAV~lXlJ.ll.XlJ-I.11110 5rlXIJ.II.XIJ-l.III /SREF/ALREf INLET 
CONTINUC CLCO 
CL * CN*COSlALPHA*PI/I80 I-CC*SINIALPHA~PI/I60 I CLCO 
CD 1 CN~SINlALPHA*PI/lBO ) l CC~COSIALPHA~PIII60 I CLCO 
biX ; CHLE l -25mCN CLCO 
YRITE16.6001 CLCD 
FORHATllHO. 4SH FORCE AM) WlENT COEFFS CN.CC.CHLE.CHOC.CL.CD I CLCO 
URITEr6.602l CN.CC.CHLE.CflOC,CL.CO CLCD 
FORMATIIHO 6Fl6 61 CLCD 
RETURN - ’ ClCO 
END CLCD 

2 
2 
3 

B 
3 

: 
6 

3 

1: 

1: 
I3 
I4 

E 

4:; 
447 
446 

2 
449 
450 
451 

2 

$ 

2 

z 

33 
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SUBROUTINE SHCKOP 76/76 OPT=2 TRACE FTN 4.6*460 01/09/80 11.58.39 PAGE I 

I 

5 

10 

15 

20 

SUSROUTINE SHCKOi’IIA.lBl 
CCMON/UPUNO/ EBlB0t.EFlEt0l 

E SUBSONIC FdEE STREAH ASSUnEO 

E ADJUST SHOCK POINT OPERATORS 
DO IO I~IA.IB 
EBI I ) - EBlll~EBII*II 
H * IA l IB - I 

10 EFIHI * EFlHlmEFtH-lb 
.C TURN OFF HOST EPS FLAG SAVE JUST BEFCYtE SHOCK 

IFLC = 0 
DO M ImIA.IB 
J - IA*IB -I 
lFf EBf~li 22.22.21 

21 IFLC m IFLC *I 
IFI IFLC CT 3 I EBIJI l 0 
GO TO 20 

22 IFLC n 0 
20 ;;tddrE 

EN0 

SHCKOP 
SMKOP 3 
SHCKOP 
SHCKOP : 

E% 
6 

SHCKOP ; 
SHCKOP 
SHCKOP 109 
SHCKGt= 
SHCKOP I: 
SHCKOP 13 
SHCKOP 
SUCKW 1: 
snwof 16 
MKOP I7 
SHCKOP IB 
SI-KKOP 
SHCKOP g 
SHCKCQ 
SHCKOP s: 
SHCKOP 23 



IO 

15 

20 

35 

SUZROUTINE MUKIN 76176 OPTa TRACE FTN 4.6*460 0 I /09/Bo 

SUBROUTINE NU(INIJI 
C*gr’CALCUCATES LAHINAR VISCOSITY VIA SUTsRLAN.0 EQVATION 

COfltlON/IKI/JINPL 
COH~ON/BASE/N~AX.J~AX.KHAX.JH.K~,OT.FSMACH.EPS.GA~HA.GANI,SHU.H,. 

1 FV~~~.FD~~~,RE.PI.~~~~~.NP.~ETH.ALPHA.INV~S.~PLOT.RESID 
2. CNBR.IREGO.ISTORE.NF.NB.JTAILI.JTAIL2.lOSCIL.XOSClL.IUP~ 
3 . LAHlN.SHUltl.VARA.VAFi8.VARC 

COtltlON/VARSI 0178.36.41.XYl78,36.41.P178.)61 
COn~ON/LARtE/Xl7E.36~.Yl78.36l.Sl78.36.4l.XITl78.36l.ETTl78.36l 
LEVEL Z.X.Y.S.XlT.ETT 
COHllON/ KINflU/ FtlUlBOr 
OATA INIT/O/ 

E SUTHERLAND EQUATION 
KEOCEaKFIAX 

8 

9 
C 

10 

:i 

IFIJ GE JINPLIKEOCE-KMAX-3 
IFI INIT CT 0) GO TO 9 
INIT = IO 
TINFx560 /II l GAHlm 5*FSHACH*rZI 
C2B 1 198 6/TINF 
C2BP a C2B l 1, 
CONTINUE 

DO IO Kal.KEOCE 
RINV I I /OIJ.K.ll 
QSQR . I OIJ.K.21**2 l OIJ.K.3l~.2l~AINV 
TT 1 GAMHA~CAfil*l PIJ.K.41 - ~*OSORIIRINV 
IFITT LT 0 0ITT:O 0 
FflUtKI = CZBPaTT*sI 5/t CZB.TTI 
CONTINUE 
IFIJ LT JINPLIGO TO 30 
KE = KEOGE *I 
DO 20 K-KE.KMAX 
FMIJIK I l fHUIK.Il 
CUNf INUC 
HE TUNN 
END 

MUKIN 
INLET 
INLET 
BASE 
BASE 
BASE 
BASE 
VARS 
VARS 
VARS 
HlXlN 
MUKIN 
HUKIN 
HUKIN 

125; 

nixiN 
tlU(lN 
INLET 
HUKItJ 
NUKIN 
MMIN 
MUKIN 
MUKIN 
MIXIN 
MWIN 
Hl!KlN 
It&ET 
HIXIN 
NMIN 
INLET 
IIUKIN 
MIXIN 
HlJKlN 
INLCY 
?4UKIN 
UUKIN 

Il.56 39 PACE I 

45; 
453 

2 
3 
4 

3 
3 
4 
5 
6 
7 
il 

454 
455 

10 
II 

16 
17 

Ii 
20 

457 
21 
22 

458 

f: 
25 

r 
W 
W 



SUBWJTINE TRlB 76/76 OPT*2 TRACE FTN 4.60460 

SUeROUTlM TRlBlA.B.C.X.F.NL.NUl 
OittENSi0~ AI21.B12l,C12l,XI2l,FI2l 

Ce*mmINVERTS TRiDiAGCNAL MATRICES 
XINLl=CINLI/BINLI 
FIMI~FIMLI/BINLI 
NLP 1 = NL *I 
DO I J=NLPI.NU 
ifs1 /IBIJI-AIJI*XIJ-Ill 

IO i 
X(JI~ClJI*Z 
FIJlilFIJI-AIJItFIJ-IIll 
NUPNL*NU.NL 
DO 2 JI*NLPI.NU 
JoNUFNL-JI 

2 FiJI.FIJI-XIJI*FlJ*l) 
IS RETURN 

END 

01/09/80 II.58 39 

fR18 
TRIB z 
ItuT 460 
TRlB 
TRlB : 
TRIB 6 
TRIB 
TRlB i 
TRl8 
TRIB Ii 

E 1: 
TRIB I3 
TRlB 
TRlB f : 
TRIB 16 

PACE I 



SIBROUTINE HUTuR 76176 OPT12 TRACE FTN 4 6.460 01/09/80 

I SUBROJT I NE IiUTUR 
CO?~~~BASE~NHAX.J~AX.K~AX.~.K~,~T,F~AC~.EPS.GA~HA.GAHI.~U.~. 

I FV14~.F0141.RE.PI.Z1801 NP,HETH.AL~HA.INVIS.IPLOT.RESIO 
2. CNER.IRECO.ISTORE.NF.NB.JTAILI.JTAIL2.IOU:IL.XOXIL.I~ 

5 3 LAHIN.S?iUlH,VARA,VARB,VAR(: 
COflHoN/VARS/ P178.36.41,XY178.36.41.P178.361 
C0HH~~W/LARGE/Xl78.36l.Y178.361.5178.36.4l.X17178.36t.ETTl78.~6) 
LEVEL ~.X.Y,S,XIT.ETT 
COHHON/tlUlVA/ TURHU~7B.36l.~IW)I.DELSTl80l.THOlBOl.TfillEiOl 

IO COflliON /KIHHU/ FlilJlBOl 
DIMENSION ~1801 
OI~~ENSION TASleOl 
DATA TUF!?IU/ 26O880 / 
DATA FZ7,KEOGE /I 6.251 

IS DATA FK.FKK.YDUnF IO 4.0 0168.1 O/ 
DATA FKLEB IO 3/ a 

20 

25 

30 

35 

40 

45 

50 

55 

k mmm*THIS SUBROUTINE CALCU ATES TllRBVCENT VISCOSITY FROn CEEECI-BALDWIN 
C NOTE PlJ.KI STORES TRANYORn JACOelAN 8Y IJHICH DEP VARS ARE DIVIMO 

&I 80 J * 2. JH a 

k FIND vORTICITY TASIKl AN0 TOTAL VELOCITY UYOTIKI 
00 II K - I.KH 
TAU z 5.lXYlJ.K.4I.XYlJ.K~l.4Il~l9IJ.K*I.2I/OIJ.K~1.tI-OlJ.K.2~ 

I /OlJ.K.III-O 5*lXYlJ.K.3l*XYlJ.K*l,3ll*lOlJ,K*l.3)/P(J.K~l.ll 
2 -OIJ.K.3l/OIJ.K.l~I 

TAXl:5mXYIJ.K ;2l.lOlJ.l 
I /OIJ-I.K.III 
2 - 5’XYIJ.K .ll~lO1J~1 
I /OIJ-1.K.l); - 
TAX2~.5*XYlJ.K.I.2l~lOlJ. 

.K .2t/OIJ*I.K ,I1 .OIJ-1.K 

.K .3l/OIJ*I.K .l) -OIJ-l.K 

.K*l.2l/OlJ.l.K*I.1l -OlJ-I.K. 

.K.l.3l/OlJ.I,K*I.II -Olj-I.K. 
I /OlJ-l.K*I.IIl 
2 - S*XY~J.K.I.II*IOIJ. I 
I /QlJ-l.K.I.IIl 

TAXI m 0 5mlTAXI l TAX21 

-21 

.31 

I .2l 

1.31 

TASIKI * TAU l TAXI 
UTOT n OlJ.Y.21*~2 l OIJ.K.3~*~2 
UTOT 1 SORTlUTOTI/Ol~.K.lI 
WIKI = UTOT 
TURHUIJ.KI 1 0 0 

11 CONTINUE 

: COHFUTE RA 
K=l 
vnu * 5-l FHUIII l FHUI~II 
TAU 1 ABSI TASIKI I 
RA . SORTI RE*PIJ.KI*~IJ.K.ll~TAU/~Ul/~ 
IFIJ LT. JTAILI OR J GT JTAIL2I AA m 1000 aFtA I 

; COMPUTE NORMAL DISTANCE SNCRIKI AM0 Y*DuDY 
SNORIII 1 0. 
rout4 * 0 0 
IMIN = WIII 
YOUS 1 0 0 
00 20 K ’ 2.KH 
IFIWIKI LT MINI WIN * WIKI 
SCIS 1 A8S~XY~J.K-l.3l-XY~J.K,3l*XYlJ.K-l,4~~XYlJ.K.4ll 

HUTUII 
%JTVFl 
nuTuR 
MUTUt 
HUTliR 
HUTUR 
HUTLR 
HUTLR 
HUTm 
HlJYlR 
HUllR 
tIuT* 
hUTUR 
HUTLR 
HUTMI 
HUTL~ 
HUTUR 
‘&ET 
HUTLR 
HUTlR 
HUTlR 
HUT@ 
HUTm 
tiUTUR 
HUTUR 
HUTlR 
HUTLR 
HUTUFl 
HUTLR 
HUTLR 
HUT@? 
HUTIM 
HUTllFI 
HUTLR 
HUTm 
t!UTlJR 
HUM? 
HUTUR 
HUTUR 
IlUTm 
HUiUR 
HUTLR 
tIUTUR 
HUTuR 
HUTUR 
tluTLR 
MJ:UR 
HUTUR 
l%dTUR 
tnJT1R 
HUTU) 
HUTLR 
HUT* 
nuTLu 
HuTlR 
HUT(R 
f!UTm 

11.58.39 PACE 

II 
I2 
13 
I4 
I5 
16 
I7 
18 

461 
19 

2 
22 
23 

i: 
9: 35 
E 
z 
40 
41 
42 
43 
44 
45 
46 

tlJ 

2 

2: 
53 
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SUBROUTIM HUTU? 76176 OPT*2 TRACE 

60 

65 

70 

75 

Bo 

85 

90 

95 

lea 

105 

I10 

18 

20 
C 
C 

22 

E 

25 

SCAL . l.O/SORTISCISl 
SNORlKl * SNORIK-II l SCAL 
IFIK CT. 21 GO TO 18 
ltn2 * I 
YOUII 1 1 E-3 
UN = YOUI 
~~N;l”,,“‘SNOR’21 

SNORA a 0 5*ISNORIKI l SNORIK-III 
YOU 1 SNORA*ABSITASIK-~II*~I -EXPI-RA~SNORAII 
IFIK CT KEOGEI CO TO 20 
IFIYOU CT Y&C?, GO TO 20 
KHZ = K - I 
YOUH = You 
UH 10 S*IWIK-IJ l WIKJI 
YM - SNORA 
CONT I NUE 

INTERP0LATE TO FIN0 YH. YOM. AN0 lM 
IFIKHZ LT 2 OR KM2 CT KEOGE-II GO TO 22 
Ytl3 1 I’ 5’lSNOi?lKH2*II l SN0+7IKH2.211 
Ytll * 0 59ISNOR lNH2-II l SNOR IKH2ll 
YOUHI = Ytil~ABSITASIKf!2-III~II 0 - ExPI-RAIY~I~II 
YOim3 x YH3~ABSlfASIKH2*IlI*II 0 - EXPt-RA*YH3ll 
c2 * YOU?4 - YOUHI 

:;I 
m YOUH3 - YOUH 

- YH - YHI 
013 a rn3 - YH 

;:: 
* (013~OY3*C2 l DYl~OYI~C3l/IOYI*0Y3*lOYl*OY3ll 
1 IOYl.C3 - OY3~C2l/lOYl~OY3~IOYI l 01311 

FTN 4.6.460 01/09/6Q 

lFlBtI GE 0 I GO TO 22 
YIIH a YH - 0 S@Atl/BH 
YOU * YOUH - 0 25*AMmAH/BH 
rnn 8 YH - 0 S’AH/BH 
IFIYOU LT YOUH 0f7 YHH LT YHI OA YHH CT YH3l GO TO 22 
YOUH ’ YOU 
YH * YtlH 
lFlYti CT SN0RIKH2*llI KM2 m KM2 l I 
IF(YH LT SN04lKH2lI KM2 n Kfl2 - I 
Un * IlSNORIKHZ.Il - YMl~WlKfl2l*lYH-SNORlKtl2ll~WlKH2.I,, 

I /ISNORlKM2.II - SNORlKfl2ll 
CONTINUE 

COHPUTE OUTER EWY VISCOSITY 
00 25 K=I.KEDCE 
SNORlKl * 0 5~lStf0fdlKt l SMFtlK.IlI 
FfC m fKK+27~RE.OIJ.K.II+‘IJ.KI 
TV@lKI * Fl-i*YH~yDUn 
FFCYK . YlKlHF*YDUnF~FFC 
LHJlFF * ABSIUH - UHINI 
IF~YDUH CT ~IFF~YDuHFI THOIKI a FFCUK~YH~ULIIFF~UOIFF~YC!U~ 
FIA 8 FKLEB*SNi)RiKI/YH 
IFlFlA CT I E5J FIA * I E5 
FI ‘IO l 5 5*FlA**6 
THOIKI * TflOlKl/FI 
THOIKI l ABSllHOlKIl 
CONTINUE 

UUTlR 
HUTlR 
MUfUR 
HUTVA 
HUTlR 
HUTUR 
HUTLR 
HUllR 
HUTIR 
HUTUR 
HUTIN 
HUM7 
HUTLR 
HCTlH? 
tIUTIR 
HUTUR 
HlJTLlR 
HUTtM 
HUTU? 
HuTUR 
IlUTlR 
HUTCR 
HUTLR 
HUTUR 
HUTU4 
HUTlR 
HUTLA 
HUTU? 
HUTlR 
HUTCIR 
HUTUR 
HUTCR 
HUTUl 
mJnJ!2 
HUTUR 
HUTLR 
HUTLR 
tlLlT#t 
HUTLlR 
HUTLR 
tlU1l-R 
HUTUR 
RUTLR 
HUTCR 
tKlTlR 
IIUTLR 
wr(R 
MUTUR 
HUTUO 
HUTlR 
HuTlR 
HUTUF, 
HUYm 
IiUTm 
HUTUR 
HUll!R 
HUTUR 

II.58 39 

I& 
IO6 
107 
IO8 

12 
III 
II2 
II3 
I14 

PAGE 2 



END 
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GENERATION PROGRA+l 

139 
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60 

65 

70 

75 

80 

85 

SO 

95 

100 

105 

II0 

c 
34 

c 

c 

E 
cc 
cc 
c r 
C 
C 

cc 

C.. 

40 

c.. 

FILL-IN BETWEEN ETA-flAX AN0 ETA-HtN ROUNOARIES 
JMM = JflAX -1 
KHH - KMAX-I 
RKMFI.I.O/KMfl 

DO I3 J:Z.JMM 
DELX:(X(J.KHAXJ-XIJ.II}*RK~M 
DELY:lY(J.KHAXI-YIJ.IJJIRKnn 

13 

DO 13 K:2.KflM 
XtJ.KI : XIJ.11 + I K-tI*DELX 
YIJ.Kl = YIJ,Il l I K-lI*DELy 

PLOT INtTtAL CIINDITIONS 
IFflDSPLY EO. llCALL PLAWT~J~~AX.K~AX.X.Y.XG~~X,XG~N.Y~AX,YMIN~ 

GENERATE UN-CLUSTZRED GRID 
CALL RELAX~J~~AX.KIIAX.X.Y,OMEGA,HAXITI 

PL0T UN-CLUSTEREO GRID 
IFllOSPLy EO. IlCALL PLAUTIJMAX,K~IAX,X,Y,XGRX.XG~N,Y~A~.YM~N~ 

APPLY EXPONENTIAL CLUSTERING 
CALL CLUSTR~J~~AX,X,Y,DY~,KHAXI 

PLOT EXPONENTIALLY CLUSTEREO GRID 
IFIlDSPLy .EP. ItCALL PLAYT~J~AX,KMAX,X.Y.XG~X.XC~~N,YHAX~Y~~~J 

SOLUTION 
.K~.J~~.JHAX~,K~I,K~AXI.IIYIJ 
AND OUTER BOUNOARIES USING J 

URITE 
URlTEtSl 

0 I SPLAY 
IOPT- 
IOPT: 
LUID: 100 
LEN& 100 
NDP: I40 
NC=4 
NPI 1 I:JHAX 
NPIZI:JMAX 
NPl3l:JHAX 
NPf41:JMAX 
DO 40 J:l,JflAX 
xPtJ,ll:Xl~,i~ 
YPlJ.ll.Y(J.1) 
xPIJ.2I:XfJ.KHAx~ 
yl’IJ.2l~YIJ.KMAxt 
xPtJ,3l*XfJ.!jJ 
yPiJ.3t~YIJ.51 
xP(J.dl.X~J,KMHI 
yPlJ.4l:YlJ,KMfll 
CONTINUE 
CALL PL~TA~(~P.YP.IOPT,NP.NDP.NC,LUID,LENC~ 
GO TO 555 

DISPLAY ALL GRID LINES 
NC-JMAX/E;.I 
N:O 

f4AlN 
flAlN 
HAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
~AJN 
tlAlN 
flAlN 
IlAIN 
flAlN 
flAlN 
HAIN 
1 NLET78 
VAIN 
flAlN 
HAIN 
HAlN 
MAIN 
I NLET78 

MAIN 
MAIN 
tlAlN 
MAIN 
MAIN 
INLET76 
MAtN 

.K~.J:I.JMAXI,K.~,K~AXJ 
WCLEN’S PRINTER PLOT 

MAIN 
MAIN 
I NLET78 
I NLET78 
INLET78 
1 NLET78 
I NLET?S 
I NLET78 
I NLET78 
INLET78 
INLET78 
I NLET78 
1 NLET78 
1 NLET78 
I NLET78 
Ih’LET78 
I NLET78 
INLET78 
INLET78 
INLET78 
I NLET78 
INLET78 
INLET78 
INLET78 
INLET78 
INLET78 
INLET78 
I NLET78 



115 

120 

125 

130 

135 

140 

145 

160 

165 

160 

165 

170 

PROCRAI’ MA IN 76176 OPT=2 TRACE 

JHM3:67 
DO 45 J=l.Jtltl3.6 
N=N* 1 

45 NP(NI=KMAX 
N=O 
;p,“y J=l.JMM3.6 

. 
DO 50 Kxl.KtlAX 
XPIK.Nl=XIJ.KI 

50 YPlK:NI=Y(J:KI 
CALL PLOTA~IXP.YP.IOPT.NP.NDP.NC.L~~ID.LENG~ 

555 CONTINUE 

35 
C 

C 

C 
100 
lfll 

1% 
104 
109 
I I2 

PLOT BLOW-UP OF INNERtlOST IO LINES 
NJU=JWAKE/I 
NJM=N800*2*NJW 
JJJ=JWAKE-NJU-I 
XHAX=X(JWAKE.II 
XMlN=XHAX 
YMAX:YlJWAKE.Il 
YtilN=YtlAX 

DO 35 K=l.lO 
DO 3c, J=l .NJtl 
JJaJJJ*J 
XXmX1JJ.K) 
YY=YIJJ.KI 
IFIXX CT.XflAXl Xt!AX=XX 
IFIXX.LT.XtllNI XtIlN=XX 
IF(YY CT YMAXl YMAXzYY 
IFIYY LT YMINI YHIN=YY 
XIJ.KIaXX 
YlJ.KI:YY 

IFI I0:PI.Y CO 
IFI IDSPLY EO 

STOP 

FTN 4.6*460 01/10/80 ‘14.12.48 PAGE 3 

IICALL PCAUTINJH,IO,X,Y,XMAX,X~lN.YMAX,YHlNI 
I ICALL EOFTV 

FORHATl8AIOI 
F~l~ltlhTl Ifil’il 
~UllMArrll!- IO 01 
FORMATl/27H AIRFOIL POINTS AS READ IN L 
FORHATl3l-l N~.I3,5X,3HXB*.EI2 5,5X,3HYR~.El2 51 
FOllMATI34l-I CAR0 NO 7 AIHFIOL DESCHIPTION..IOX.6AIOI 
FOl7HATl24l~ll PARAMtTEllS AS READ IN.// 

1 60H CARD NO. I, JUAKE. NUtleER OF POINTS IN EACH SIDE OF WAKE m, 
2 15/14X.4lHKMAX. NUMBER OF POINTS IN ETA DIRECTION =.I51 
3 14X.57HMAXIT. MAXIMUM NUMBER OF ITERATIONS IN tlAKlNG UN-CLUSTERE. 
4 BHIJ GRID a.151 
5 57H CARD NO 2. XGMX. X-DIRECTION COORDINATE OF DOWNSTREAM , 
6 IOHOOUNOARY r.FZO 10/14X,32HXGflN. X-DIRECTION COORDINATE OF 
7 19HUPSTREAH BOUNDARY l.F20 10/14X.25HYtlAX. Y-DIRECTION COOADiN. 
8 23HATE OF UPPER BOUNDARY g, F20 10/14X,23YYMlN. Y-DIRECTION COORO. 
9 25HINATE OF LOWER BUUNDARY =, F20 10/14X.I9HXNOSE. X-DIRECTION , 
A 39HCOORDINATE OF LEADING EDGE OF AIRFOIL =.F20 10/14X. 
6 S9HXTAIL. X-DIRECTION COORDINATE OF TRAILING EDGE OF AIRFOIL =, 

I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
MAIN 
MAIN 
MAIN 
bAlN 
flAlN 
MAIN 
tlAlN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
NAIN 
MAIN 
MAIN 
MAIN 
:AIN 
MAIN 
INI tT78 
INLET78 
tiAlN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
tlAlN 
MAIN 
tiAlN 
MAIN 
MAIN 
flAlN 
MAIN 
MAIN 
MAIN 
tlAlN 
MAIN 
MAIN 
HAIN 
MAIN 

45 
46 
47 
48 

ii 
51 

zs 

2: 
56 

%I 
89 

z: 
92 

ii2 

z56 
97 

z: 
100 
101 
102 
103 
104 
10s 
106 
107 
108 
t7 
58 

I I 1 
112 
113 
114 
I 15 
II6 
117 
118 
II9 
120 
I21 
122 
123 
124 
I25 
126 
127 
126 
129 
130 
131 



175 

180 

185 

PROCRM MAIN 76176 OPT=2 TRACE FTN 4.6*460 01/10/80 14.12.48 PAGE 4 

113 

137 
C 

CF20.10/14X.48HX-COCRDINATE LOCATION OF LEADING EDGE OF RAMP = I NLET78 
OF20 101 I NLET78 

FORMATISIH CARD NO. 3, DYI, MINIMUM Y-INCREMENT ON REARWARD , NAIN 133 
1 33HBOUNDARY FOR INITIAL CONDITIONS =.FZO 10/14H CARD NO 4 flAlN 134 
2 6lHXORS. X-DIRECTION LOCATION OF ORlhlN FOR ANGULAR CLUSTERING 1, MAIN 135 
3F20 10/14X.6lHYORG. Y-DIRECTION LOCATION OF ORCIN FOR ANGULAR CLUS INLET78 
<TERlNG = .F20.I0/14X,45HETAC. ANGLE IIN DECREESI ABOUT WHICH ANGUL INLET78 :: 
<AR INI FT7E t=J 
4 2OiiCLUSTERING IS DONE =.F8 2/14X,25H8ETA. ANGULAR CLUSTERING 

._ - 
MAIN 157 

5 IIHPARAMETER :,F20 10/35H CARD NO 5. OMEGA. PARAMETER FOR 
6 I7HTHOflPSON SOLVER =.F20 10/31H CARD NO 6 DY2. tllNlflUtl ETA-. 

MAIN 138 
HAIN I39 

7 40HDlRECTION SPACING FOR FINAL CLUSTERING :.FZO 101 MAIN 140 
FORtlATI25H CARD NO 8, PLOT TITLE ,IOX,8AIOI MAIN I41 

MAIN 142 
END tlAlN 143 
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1 

5 

IO 

15 

20 

25 

30 

35 

40 

45 

50 

55 

SUBROUTINE INNER~NBOO.JUAKE.KMAX.XB.YB.XNOSE.XTAlL,XGMX,Y~AX,Y~lN, INNER 
1 OYI.JMAX.X.Yl I NNER 

INNER 
THIS SUBROUTINE OlSTRl8UTES POINTS ON THE ETA-MIN IAIRFOIL- INNER 
WAKE, INNERI BOUNDARY AND THE REAR IOUTFLOUI BOUNDARY I NNER 

DIMENSION X8III.Y8II1.X~140.80l.11140.801 

SHIFT AND SCALE AIRFOIL POIHTS 
XMIN 1 X8(11 
XMAX : X8111 
00 3 N=Z.NBOD 
IFI X8lNl .LT. XMINI XHIN = XBINI 

3 IF( X8lNl .GT. XMAXI XtlAX = XBlNl 

SCALE - (XTAIL-XNOSEl/l XtlAX - XMINI 
DO 4 N:I.NBOO 
XBINI = l XBtNI - X#.NI*SCALE.XNOSE 

4 YBfNI = Y81NI*SCALE 
URITE16.1051 
WRITE(6.IO61 ~N.XBINl.YB~NI.N:I.N8OOI 

JUT = JUAKE l NE00 -I 
N = 0 
DO 5 J = JUAKE.JWT 
N - N *I 
XfJ.lt = XBfNI 

5 YIJ.11 = YBINI 
TEST FOR NO WAKE 

.‘YYI:-YEIll 
YY2;YBiNBOOI 
IFIJWAKE .EQ. l)GO TO IO 

DISTRIBUTE POINTS ON WAKE BOU NI 
OX0 = (X(JWT,ll - XIJWT-I.11 l X( JI 
N : -I 

JARY. 
rlAKE.11 -XIJWAKE*I.I11*.5 

JNAX = NBOO +2*JWAKE -2 
JWTP = JWT l I 
XX = I XIJWT.11 l XIJWAKE.I11*.5 
YY 2 fYIJWT.ll l YIJWkKE.IlI* 5 
EPSW=EPSIL~XGMX.XX.OXO.JnAX-JWT* .0.001.100.2.11 

00 6 J=JWTP. JilAX 
N i N .I 
JJ = JUAKE -I -N 
XX=XX*OXO*lI O*EPSW/SQRTlFLOATIN*lIll*~N 
XIJ.11 : XX 
XlJJ.11 = XX 
Y(J.II m YY 

6 YIJJ.11 i YY 
YYI:-YY 
YY3.YY 

IO ‘,- CONTihJE 
JMAX=NBOO*ZaJWAKE-2 
NONE = I 
WRITEL6.1071 
WRITE16.108) ~J.NONE.XIJ.II.J.NONE.YIJ.II.J~1.JflAXI 

1 NNER 
INNER 
INNER 
INNER 
INNER 
INNER 
I NNER 
INNER 
INNER 
INNER 
INNER 
INNER 
INNER 
INNER 
INNER 
INNER 
INNER 
I NNER 
INNER 
INNER 
INNER 
INNER 
INNER 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
INNER 
INNER 
INNER 
INNER 
INNER 
INNER 
I NNER 
I NNER 
INNER 
INNER 
I NNER 
INNER 
INNER 
INNER 
INNER 
I NNER 
I NNER 
INNER 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
INNER 
I NNER 
I NNER 

s 
6 

s’ 
9 

10 
II 
I2 
I3 
I4 
15 
I6 
I7 

1: 
20 
21 

225 

:z 
26 

s;. 
29 

:i 
66 
67 
30 

z: 

E 

zz 

z;: 
39 
40 
41 
42 
43 
44 
45 
46 

2; 

;; 
71 
48 
49 
60 
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: 
60 

INNER 

N=-I 
YYlilNx-2 I5 

DISTRIBUTE POINTS IN Y DIRECTION ON REARWARD BOUNDARY. 

BETAT.EPSIL~Y~AX.YY2.0YI.KHAX.1.E-6.100.I.II 
8ETAB:EPSILlYYMlN.YYI.OYI.KtiAX.I.E-6.100.1.11 

00 8 K=2,KnAX 
Al=0.5 
Z=IK-I.l/IKMAX-I I 
AZ=-Ii!-All/AI 
YlJtlAX.KI=Y(JMAX. II* 

sI.I/IBETAT-I.lI**A21/l 
<I 

Y~l.KI=Yll. II*IYYI-Y 
~I.l/(BETA8-I.II*~A2I/I 

(YMAX-YY2l*((fBETAT*I I 
I2 *Al*l.l*lI l llBETAT* 

-I 
I 

BETAT-I.l*l 
l/IBETAT-I. 

(BETAT* 
I I**AZI 

-I ‘YnlNI *fffBETAB.I l 
(2 *Al*l.l*fl.+l(BETAB. 

BETAB-1.1’1 I BETAB* 

INNER 
I NLET78 
I NLET78 

INNER 

I NLET78 
INNER 
I NNER 
I NLET7B 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 

2: 
53 
72 
73 
74 

2; 
75 
76 

:e7 

tz 

:: 
83 

:: 
62 

:43 
65 
66 

iii 
69 
70 

3: 

:: 

2 

;; 

C 
65 

l.l/(BETAB-I )];*A211 INLET78 
I NLET78 
INNER 
I NLET78 
INNER 

70 

a.) 
X(JMAX.KI=XGHX 
X(JMAX.Kl=XB(NBOOl 
XII.KI:XGMX 

75 

8 
C INNER 

INNER 
INNER 
INNER 

WRITEI6.IIOl 
YRITE~6.1081 lNONE,K.XII.KI.NONE.K.YlI.KI.K~I.KHAXl 
WRITE16 III1 

80 

URITEl6.IO8I IJtiAX.K,XfJHAX.KI.JtiAX.K. Y 

RETURN 

FORHATI/SZH AIRFOIL POINTS AFTER RESCAL 
FODblATl’H Nz.13 5X ,HXZ:.F!Z 5.5Y.3HYB: 
FOR~IATI/~~H BOUNDARY ON YAKE AND AIRF~I i 
FORMATl3H XI,13,11~..13,2Hl~,F12 5.4X.2t IY 
FORMATl/33H LOWER PART OF REARWARD BflUb 10 
FORllATl/33H UPPER PART OF REARWARD BOUF IO 

END 

IJMAX.KI.K~I.KtlAXI INNER 
INNER 
INNER 
INNER 

NC 1 INNER 
Fl2.51 INNER 

C 

85 C 
105 
106 
107 
108 

90 II0 
Ill 
C 

;!I3 IH..I3,2HI~.F12 51 
INNER 

AR’/. i 
INNER 
INNER 

ARY, I INNER 
INNER 
INNER 
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IO 

15 

20 

25 

30 

35 

40 

45 

50 

55 

14 

C 

C 

26 
C 

27 

SUBROUTINE OUTERlXMAX.X~lN.Y~AX,Y~lN.XORG,YORG,ETAC,8ETA,JHAX,KMAX INLET78 
<.X.Y.XRAnPI I NLET78 

OUTER 
THIS SUBROUTINE PLACES POINTS ON BOTTOII-FRONT-TOP BOUNDARY IN OUTER 
ANGULAR FASHION OUTER 

OUTER 
DIMENSION X1140.801.Y1140.801 OUTER 

OUTER 
LOGICAL CLUSTR OUTER 

OUTER 
DATA PI/3 141592654/ OUTER 

OUTER 
S’lNH~XI:0.5~lEXP(XI-EXPI-XII OUTER 

TEST CASE FOR CREATING INLET GRID 
‘iTARU=ATANZIYMAX-YORG.XIJnAX,KMAXl-XORGI 
ETARL=ATANZlYORG-I .XMAX-XORGI 

OUTE: 
I NLET78 
I NLET7B 
I NLET78 

iETA= O*PI-IETARUkTARLIl/fJtlAX-II 
OETA: 13522 
CLUSTR 1 .FALSE. 
IFI BETA GT 0 01 CLUSTR = .TRUE. 
IFI NOT. CLUSTRl GO TO I4 
FACT=PI/(Z O’PI-IETARU.ETARLII 
FACTR=l.O/FACT 
ETACT=IETAC-ETARUI*FACT 
B=O 5*ALOGIII.+IEXPIBETAI-I I*ETACT/PIl/II..IEXPI-BETAI-I.)* 

I ETACT/PI I I 
RSB = I /SINHIBI 

OUTER 
I NLET78 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 
OUTER 

ETA=ETARU OUTER 
ANGI=ATAN2lYflAX-YORG,XMlN-XORGI I NLET78 
ANG2.ATAN2lYtllN-YORG,XMlN-XORGl*2.O*Pl I NLET7B 
ANG3=-ATAN2lXRAMP-XORG,Yt4lN-YORGl* 5*PI I NLET78 
NSIOE = I OUTER 

OUTER 
ETARUO=ETARU*IBO /PI OUTER 
ETARLO:ETARL’lBO /PI OUTER 
ANGIO~ANGI*I6O./PI OUTER 
ANG20=ANG2~180 /PI OUTER 
WRITE~6.1091 CLUSTR.ETARUO.ETARLO.ANGlO,ANG2O,XORG.YORG,ANG3O. I NLET7B 

<ANGIO,ANG50 I NLET78 
IFlCLUSTR.ANO.ETAC LT.ETARU.OR CLUSTR.ANO ETAC.GT.I2.O*PI-ETARLII OUTER 

I GO TO 22 OUTER 
OUTER 

DO 9 JJ:Z.JtlAX OUTER 
J=JtlAX*I-JJ OUTER 
ETA = ETA l OETA OUTER 
IFI NOT.CLUSTRI GO TO 26 OUTER 
ETAT=(ETA-ETARUI*FACT OUTER 
PHlT=ETACT~ISINHlBETAIETAT/Pl-Bl*RSB*l I OUTER 
PHI:ETARU*PHIT*FACTR OUTER 
GO TO 27 
PHI ZETA 

CONTINUE 
ANG=270 *PI/l80 -PHI 
IFIlPHI~l80./PIl CT 270,IANG:-PHI*270 *PI/l80 

OUTER 
OUTER 
OUTER 
I NLET78 
I NLET78 
I NLET78 

GO T0ll.3.3.6l.NSIOE I NLET7B 
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I IFIJ LT.67lNSIOE:2 
GO TO 6 

60 C 
3 IFlJ.LT 501NSIOE=4 

6 GO T0(10,11,12,131,NSI0E 
10 YIJ.KMAXI : YMAX 

XIJ.KflAXI=IYMAX-YORGI/TANIPHIl.XORC 
65 Xl67.KMAXI:4 9 

Xl68.KMAXI=6.4 
X169.KMAXl:8.3 
GO TO 21 

‘I XIJ.KHAXI - XMIN 
70 Y(J.KMAX~=~X~IN-X~RG~~TAN~PHII+Y~RG 

Yl50,KMAXl: 25 
Y(51,KMAXI: 35 
Yl52.KtlAXI=.45 
Y153,KtlAXI=.6 

75 Y154,KMAXl= 75 

80 

85 

90 

95 

12 

13 

100 
21 
C 

100 

Y155,KMAXl:I. 

ETAO:ETA*ISO./PI 

Yl56,KflAXI=l 25 
Y157.KHAXI=l.5 

PHIO=PHI*l80./PI 

Yl56.KMAXI=2. 
Yl59:KMAXI=2.5 

WRITElb.ll31 J.KNAX.X~J.K~AXI.J.K~~AX.Y~J.KHAXI.ETAO.PHIO.NSIOE 

Y160,KttAXl:3 
Yl6l,KMAXl=4. 

CONTINUE 

Yf62.KMAXI=5. 
Yl63,KMAXI=6. 
Y(64,KflAXI=7 5 

RETURN 

Yl65,KMAXI=9 
Yl66,KflAXI:9 6 
Xf64.KMAXl:I.5 

WRITE16.114l 

X165,KMAXl=2 6 
Xl66.KMAXI:3.7 

STOP 

GO TO 21 
X(J.KMAXI~XORG+~YMlN-YORGl/TANIPHIl 
YIJ.KHAXI:YNlN 
GO TO 21 
CONTINUE 
REAOl5~i00lYIJ.KMAXl.YIJ.KllAXl 
FORNATIZFIO 51 
CONTINUE 

9 
C 

105 

$2 

C 

OUTER 

I NLET78 
I NLET78 

OUTER 

OUTER 
I NLET78 

OUTER 

I NLET78 
OUTER 

OUTER 

I NLET78 
I NLET78 

OUTER 

I NLET78 

ASTER 

I NLET78 
OUTER 

OUTER 

OUTER 

OUTER 

I NLET78 
I NLET78 

OUTER 

I NLET78 
I NLET78 

OUTER 

I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
OUTER 
I NLET78 
OUTER 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
OUTER 

109 
OUTER 

FORMAT(/EH CLUSTR~.LI.SX.6HETARU~.F8 2,5X,6HETARL=.F8,2,5X. 
I5HANGI=.F8 2,5X,SHANG2=.FE 2,5X,7HXORGIN:.F8 5.5X.7HYORGIN=.F8.5/ %::!78 
~5X.5HANG3=.F8.2.5X.5HANG4..F8 2,5X,5HANG5:.F8 2// I NLET78 
~24H OUTER BOUNDARY ON TOP, 
2 IEHFRONT. AN0 BOTTON I 

I NLET78 
OUTER 

110 

100 
IO1 

1;; 
103 
56 

104 
105 
106 
107 

5”: 
108 
109 
110 
III 
II2 
II3 
il4 
115 
II6 
II7 
118 
I I9 
120 
I21 
122 
123 
124 
125 
126 
127 
128 
61 

129 
63 

130 
I31 
132 
133 

:: 

E 

2 

:: 

3: 

;: 
76 

134 
135 
136 

78 
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II5 II3 FORllATl3H Xf.l3.IH.,l3.2HI~.F12.5.5X.2HYI.13.lH..l3.2HI=.Fl2.5. OUTER 79 
I 5X.4HETA=.F8.2.5X.4HPHI:.F8 2,5X.6HNSIOE=.III OUTER 

I I4 FORMAT(/23H ERROR EXIT BAD ETAC. I OUTER :‘: 
C OUTER 

END OUTER 
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C 
IO 

s 
I5 

C 

C 

20 

25 

30 

35 c” 

40 C 

C 

45 

4 
50 

C 

C 
55 

I 

SUBROUTINE RELAXlJHAX.KtiAX.X.Y.OMEGA.NAXlll 

THIS SUBRWTINE SOLVES BY SLOR THE DIFFERENTIAL EQUATIONS 
THAT CONSTITUTE THONPSON-THANES-MASTIN S tiETHO0 OF GENERATING 
GRIDS. 

OIHENSION X1140.801.Y1140.801 
DIMENSION Al1401.8I1401.CI1401.0l1401.FI1401.Gl1401 

KNfl=KMAX-I 
JMM=JtiAX-I 
I COUNT=0 

IC0UNT:ICOUNT.I 
RWM=O, 

00 I K=Z.KNN 

DO 3 J=2,JNfl 
XXD=lXlJ*I.KI-XIJ-I.KI 
XED=IXlJ.K*ll-XIJ K-II 
YXD=IYlJ*I.KI-YIJ-I.KI 
YED-IYlJ.K.II-YIJ.K-II 
AD:XED*=Z*YED**2 
8D=XXD=XED*YXO*YEO 
GD:XXD**2.YXD**Z 
XXED~IXIJ.I.K.lI-XIJ.1 
YXED=lYlJ*I.K.lI-YlJ*I 
80=-2 0*80 

110.5 
110.5 
110.5 
ISO 5 

.K-II-XlJ-I.K*II*XIJ-I.K-Ill*0 25 

.K-II-YIJ-I,K*lI*1lJ-l.K-lll*O.25 

AIJI=AO 
BlJl=-AD-AD-CD-GO 
ClJl=AD 
FIJI:-BOsXXED-GD*IXIJ,K*lI*XIJ.K-III 
GlJI=-GD*YXED-GD*lYlJ,K*ll*YlJ.K-III 

Fl2l~FI2l-Al2l~Xl1.KI 
GI2I:Gl2l-AI2I*YII.K1 
FIJtlMl:FlJMNl-CIJMtll*XlJflAX.KI 
GIJNMl=GlJNHI-CIJNMl~YlJf’lAX,Kl 

CALL TRIElA.8.C.D.F.2.JNHJ 
CALL TRIBlA.B.C.D.G.2.JNflI 

DO 4 J=2.JMM 
XC=OMEGA~lFlJI-XIJ.KII 
YC=OMEGA*lGIJI-YlJ.KIl 
R~UM.RSUM.ABSlXCl*~BSlYCl 
XlJ.KI=XlJ.KI*XC 
YIJ.KI=YlJ.KI*YC 
CONTINUE 

WRITEl6.l00lRSUM,lCOUNT 
IFlICOUNT.LT.tlAXITI GO TO 2 

h’RITEl6.1211 
DO 24 J=l.JNAX.IO 
URITEl6.115lJ 

ES 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 
RELAX 

14.12.48 PAGE I 
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SUBROUTINE RELAX 76/76 OPT*2 TRACE 

URITE~6.1171 (XtJ.KI.K=I.KHAXI 
WRITEl6.116lJ 

60 24 URITE16.1171 IY~J.KI.K~l.KflAXI 

FTN 4.6*460 01/10/80 14.12.48 

L 
RETURN 

C 
100 FORMATIZOH SUN OF RESIDUALS = .FZO.lO. 

65 I 7H AFTER .l5.l2H ITERATIONS.1 
115 FoRNATI~~I~~ X.S-FOR CONSTANT xi LINE AT ~1.151 
II6 FORNATl/3lH Y S FOR CONSTANT Xl LINE AT Jz.151 
II7 FORNATIIOEl3.6l 
I21 FORHAT(/48H AFTER THOt!PSON-SOLVER. BEFORE FINAL CLUSTERINCtI 

70 END 

RELAX 
RELAX 2; 
RELAX 
RELAX :: 
RELAX 
RELAX s643 
RELAX 65 
RELAX 
RELAX :; 
RELAX 
RELAX :i 
RELAX 
RELAX 2’ 

PAGE 2 
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SUBROUTINE CLUSTR 76/76 OPT;2 TRACE FTN 4.6*460 Ol/lO/80 14.12.48 PAGE 1 

SUBROUTINE CLUSTRlJJ.X.Y.OD.KKl 
C 

cc 
THIS SUBROUTINE APPLIES TNE EXPONENTIAL CLUSTERING 
TO THE LINES OF CONSTANT Xl. c 

L 

DltlENSlON Xl140.801.Yl140.801 
DIMENSION Tl801.51801.~~~1801.YYY1801 

C 
AIz0.5 
JMAX*JJ 
KNAX-KK 
DYZVOD 
KNN * KIIAX-I 

C 
DO 20 J=l.JHAX 

C 
Till * 0. 
DO I6 K=2.KHAX 

I6 TIKI = TIK-II l SQRTl I XIJ.KI -XlJ.K-Ill**2 *I YIJ.KI-YlJ.K-Ill 
I **21 

C 
8ETA2=EPSILITIKNAXl.O O.DY2.KIlAX.I.E-6.100.l.JI 

C 
slll=o.o 
N=-I 
DO I5 K=2,KMAX 
Z:IK-l.I/lKMAX-I.1 
AZ:-I,?-All/Al 

I5 SlKl=SI Il.ITlKMAXI-TIII~~lII8ETA2.l.I-l8ETA2-I.I~llEETA2*I.~/ 
~l8ETA2-1.II**A21/112 *AI*l.I*Il.*lI8ETA2~I.l/I8ETA2-I.II~*A2~II 

C 
DO I7 K=l.KMAX 
XXXIKI = XIJ.KI 

I7 YYYIKI = YIJ.Kl 
c 
L 

PTL : 0. 
DO I8 K=Z.KNN 

18 CALL TAINTIT.XXX.SIKl.XlJ.KI.KtlAX.2.NER.PTLI 
C 

PTL = 0. 
DO I9 K=2.KMH 

19 CALL TAINTIT.YYY.SIKI,YIJ.KI.KflAX.2.NER.PTLI 
C 

20 CONTINUE 
C 

WRITEIG. 
DO 23 J=l 
URITEIG. 
WRITEl6. 
URITEIG. 

23 URITEIB. 
RETURN 

I- 

201 
, JflAX 
l5lJ 
I71 IXIJ.Kl.K~I.KNAXI 
l6lJ 
I71 IYIJ.Kl.K:I.KMAXl 

720 FORNATlI24H AFTER FINAL CLUSTERING81 
II5 FOfil+AT1/3lH X S FOR CONSTANT XI LINE AT J*.l5l 
II6 FORflATl/3lH Y S FOR CONSTANT Xl LINE AT Jn.15) 
II7 FORNATllOEl3.6l 
C 

END 

I NLET78 

K;z 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
I NLET78 
INLET78 
I NLET78 
I NLET78 
CLUSTR 
CLUSTR 

E%::: 
CLUSTR 
CLUSTR 

%%:: 
CLUSTR 
I NLET78 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
INLET78 
I NLET78 
INLET78 
I NLET78 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 
CLUSTR 

137 
3 

z 
6 

ll 
9 

138 
139 
140 
I41 

1: 
13 

1: 

1; 
I8 

1:: 

5: 

2 
143 
144 
145 
146 

22: 
29 
30 

:: 

i: 
35 

s; 

:: 
40 

1: 
43 
44 
45 
46 
47 

4”: 

2’: 

2: 

zs 
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1 

: 

5 E 
C 

C 

IO 

15 

20 

25 

C 
30 

C 
I 

35 
C 

40 

3 

45 C 
2 

50 
E 

55 

FUNCTION EPSILIFllX.FMlN.DFtl.NPT.FPCC.ICC.KEY.NCALLt 

THIS SUBROUTINE APPLIES A NEWTON-RAPHSON ROOT-FINDING 
TECHNIQUE TO FIND A VALUE OF EPSILON FOR A PARTICULAR USE 
OF THE EXPONENT:bL STRECHING TRANSFORMTION. 

DIMENSION R11401 

EPSIL 

Ek 
EPSIL 
EPSIL 

FlAI:IA*I.I-(A-I,l~llA*I.I/lA-I lI**AZ I NLET78 
GlAI=II.*IlA*I.I/lA-l.lI**A2l~l2.*Al.l.l I NLET78 
FPIAt:I.-IlA*I.I/IA-l.lI**AZ-A2*lA-I I*l-2./IA-I.I~~2I~IlA*I.l/lA- INLET78 

q.1 )1**h3 INLET78 
GPlAI.A2’12.‘Al*l.I~I-2./IA-l.l’~2I~IIA*I.I/IA-I.II*~A3 I NLET78 
FMXL~FHX EPSIL 
FtllNL=FHIN 

BEG DFllL;DFtl 
FPCCL=FPCC 
ICCL= ICC 
C=l .o 
Al=0.5 

EPSlL 
EPSIL 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
INLET78 
EPSIL 
EPS I I- 

SHAX=FMX-FIIIN 
ETAOC=DFN 
COSMAX=C/SMAX 
ZI=l./INPT-I.1 
CONSTI=ETAOC*COStlAX 
AZ--lZI-All/Al 
A3=-ZI/Al 
BNEW=I .Ol 

GO TO lI.2l.KEY 

FNPTM2=NPT-2 
IFINCALL .EQ. IIBNEU: 
IFINCALL .EQ. IIBNEW: 
IFINCALL .EQ. lIBNE!J= 

DO 3 NIT=I.lCCL 
8ETA:ENEU 
FI=CONSTI-FIBETAI/CIBETA) 
FPI=l-GlBETAl~FPl8ETAl.Fl8ETAl~GP~8ETAII/GI8ETAI~*2 
BNEh’=BETA-FI/FPI 
IFlAESIENE!J-BETAI LE FPCCLIGO TO 4 

EPSIL 
I NLET78 
I NLET78 
I NLET78 
I NLET78 
I NLET78 

CONTINUE EPSiL 
GO TO 5 EPSIL 

NPTH=NPT-I 
IFlNCALL.EQ.II 

I EPS=IlF~~L/DFNLI**1l O/INPT-21l-I.OI*SQRTlFLOATlNPTN~l 
DO 6 L=l.NPTM 
RlLI:I.O/SQRTIFLOATlLII 

DO 7 NIT=I.lCCL 
sulll=o.o 
SUN2:O.O 
DO 8 L=I.NPTM 
FLfl2=~-2 
FACTI=l.O*EPS*RILI 

EPSIL 

E 
EPSlL 
EPSIL 

:;;I; 
EPSIL 
EPSIL 

EI: 
EPSIL 
EPSIL 

2 
3 

ii 
6 
7 

: 
147 
148 
149 
150 
I51 

I? 

1: 

1;: 
53 

i54 
155 
156 
157 
158 
159 
160 
161 

12 
I7 

IL82 
I63 
I64 

SF’ 
165 
166 
167 
168 
169 

:: 
33 

zz 

i; 

i: 
40 

:: 

aa 
45 



60 

FUNCTION EPSIL 76176 OPT;2 TRACE 

FACTZ=FACTI**FLMZ 
SUMl~SUMl*FACT2*FACTl 

8 SUM2=SUM2*lL-lI*FACT2*RILI 
FZ=FMXL-FMINL-DFML*SUMl 
IFlABSlFZl LT. FPCCLIGO TO 4 
FPN=DFML*SUMZ 
EPS=EPS*FZ/FPN 

7 CONTINUE 
c 

FTN 4.60460 Ol/lO/80 14.12.48 PAGE 2 

65 

b5 EPSlL=ENEU 
URITEl6.1001 
RETURN 

70 

75 

c 
L 

4 EPSIL=BNEW 
WRITE16.101IEPSIL.FI.NIT 
RETURN ,. 

L 

100 FORMAT1/42H EXCEEDED l4AX NO. OF ITERATIONS IN EPSIL.1 
IO1 FORNATl/7H EPSIL:.FlZ 5.5X.7H AND Fs.Fl2.5.5X.7H AFTER ,l3. 

* l2H ITERATIONS I 
C 

END 

EPSIL 
EPSIL 
EPSIL 
I NLET78 
I NLET78 
EPSIL 
I NLET78 
EPSIL 
EPSIL 
I NLET78 
EPSIL 
EPSIL 
EPSIL 
I NLET78 
INLET78 
EPSIL 
EPSIL 
EPSIL 
EPSlL 
EPSIL 
EPSIL 
EPSIL 

46 
47 

1;: 

51 
172 

23 
173 

2; 

1;: 
175 

:: 
63 

ES 
66 
67 
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IO 

I5 

20 

25 

30 

35 

40 

45 

50 

55 

FTN 4.6*460 01/10/60 14.12.48 

SUBROUTINE TAINTIxTA~.FTA~.X.FX.N.K.NER. tlONl 
L 

E 
SYSTEfl LIBRARY SUBROUTINE TAINT FOR POLYNOMIAL INTERPOLATION 
OF A TABULATED FUNCTION. 

C 
DIMENSION XTABllI.FTA8lII.TII0I.C(101 

CPS040yF ~~‘“‘,~~“~;‘“‘- IN FORTRAN II. 

I NER=2 
RETURN 

2 IF (K-91 3.3.1 
3 IF I HONI 4.4.5 
: Wo’ HON-21 6.7.4 

NNI=N-I 
DC 8 I=l.NHl 
IF IXTABIII-XTABII*llI 9.ll.10 

II NER=3 
RETURN 

9 J=J-I 
GO TO 8 

10 J=J*I 
8 CONTINUE 

““hlr I 
,.“..-. 

IF (Jl 12.6.6 
12 NON=2 

7 DO I3 1:I.N 
IF IX-XTABIIII 14.14.13 

14 J=I 
GO TO I8 

I3 CONTINUE 
Go Ta 15 

6 DO I6 l=I.N 
IF IX-XTABIIII 16.17.17 

I7 J=I 
GO TO I8 

I6 CONTINUE 
15 J=N 
18 JzJ-tK*Il/2 

IF IJI 19.19.20 
I9 J=l 
20 M=J+K 

IF III-N] 21.21.22 
22 J=J-I 

GO TO 20 
21 KPI=K*I 

JSAVE= J 
26 DO 23 L=I.KPI 

CILI=X-XTABIJI 
TILl=FTAElJl 

23 J=j*I 
DO 24 J=l.K 
I :J+ I 

25 TIII.lClJI*TlII-CIII*TIJlI/lClJI-CIIII 
I-I*1 
IF II-KPll 25.25 .24 

24 CONTINUE 

TAINT 

T% 
TA I NT 
TAINT 
TAINT . 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TA.I NT 
TAINT 
TAINT 
TAlriT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 
TAINT 

i2 
13 
I4 
I5 

1: 
I8 

:i 
3: 
23 

40 

:: 
43 
44 
45 
46 
47 
48 

k% 

z: 
53 

zt 

E 
58 

PACE 1 
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60 

FX=T(KPl I 
NEFb I 
RETURN 
END 

FTN 4.6*460 01/10/60 14.12.48 PAGE 2 

TAINT 
TAINT 2: 
TAINT 
TAINT :: 



SUBROUTINE TRIB 76176 OPT=2 TRACE FTN 4.6*460 

I SUBROUTINE TRIBIA.B.C.X.F.NL.NU~ 
DIMENSION A~2l.BI2I.C121,X12~.FI2I m k THIS SUBROUTINE SOLVES A TRi-DIAGONAL SYSTEM OF LINEAR 

5 C EQUATIONS. 
C 

XINLI-C~NLI/EllNLI 
FINLI-FlNLI/BINLI 

10 
NLPI = NL *I 
00 I J=NLPI.NU 
Z.l./lBIJI-AIJI~XlJ-III 

15 
NUPNL=NU*NL 
DO 2 JI=NLPI.NU 
J=NUPNL-JI 

2 F(JI:FIJI-XIJl~FIJ*II 
RETURN 
END 

01/10/80 

TRIB 
TRIB 
TRIB 
TRIE 
TRIB 

‘TRIB 
TRIB 
TRIB 
TRIB 
TRIB 
TRIB 
TRIB 
TRIB 
TRIB 
TRIB 
TRIB 
TRIB 
TRIB 
TRIB 
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SUBROUTINE PLAUT 76176 OPT=2 TRACE FTN 4.6*460 

1 

E 
C 

5 C 

IO 

15 

M 

25’ 

30 

35 

C 
C. 

4 

c5 
C 

SUBROUTINE PLAUTIN.M.X.Y.XtlAX.XHlN,YflAX,YHlNI 

THIS SUBROUTINE IS ONE OF THE SUBROUTINES 
ON THE SC4020 PLOTTER 

DlflENSlON X1140.601.Y1140.601.XX~601.YYl601 
COMtlON/TCOfl/lTITLE18l 

THAT PLOTS GRIDS 

READJUST PLOT LIMITS SO AS TO AVIOO A STRECHED PLOT 
XOIF=XflAX-XfllN 
YDIF=YHAX-YPIIN 
IFlXDIF.LT YDlFl GO ‘i0 4 
XOIFH=XDIF*O 5 
YfllD~lYt!AX.YHlN~*O 5 
YtlX:YWID*XOIFH 
YMN:YHIO-XOIFH 
XMX~XHAX 
XtiN=XMlN 
GO TO 5 
YDIFH:YOIF*O 5 
XtilD:(XMAX*XtilN1*0.5 
XMX=XfllD*YDIFH 
XMN:XHID-YDIFH 
YMX:YtlAX 
YMN:YMlN 
CONTINUE 

PLOT THE LINES 
CALL AXISIX~N.XMX.Y~N.YMX.0.01 
CALL TlTLElITITLE.601 
OOIJ~I.fl 
CALL PLOTIXlI.Jl.YlI.JI.N.OI 
D02l:l .N 
DO3J= 1 ti 
XX(J)-XI1.J) 

3 YYfJI=YlI.JI 
CALL PLOTi~X.YY.M.Ol 
RETURN 
END 

01/10/80 

PLAUT 

KT 
PLAUT 
PLAYT 
PLAYT 

;:tz: 
PLAUT 

x;: 

Ei: 

!%;: 

%: 
F!.AVT 
PL 9WT 
PLAYT 
PLAVT 
PLAVT 
PLAUT 

%Z 
PLAWT 
PLAWT 
PLAWT 
PLAWT 

ix: 

F:AA;T 

KT 
PLAWT 
PLAWT 
PLAVT 
PLAVT 

14.12.46 PAGE I 

6 
7 

s35 
36 

3; 
39 
40 
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15 

20 

25 

30 

35 

40 

45 

SUBROUTINE AXIS~XtllN.XHAX.YHlN.YHAX,NXINTS.NYINTS) 

THIS SUBROUTINE IS ONE OF THOSE THAT PLOTS GRIDS 
ON THE SC4020 PLOTTER. 

THIS SUBROUTINE DRAUS THE X AND Y AXES, MARKS OFF THE 
INTERVALS, SETS THE SCALE VALUES, AND MOVES THE FILH TO A NEW 
FRAtiE 

XHIN IS THE HINIHU~~ VALUE 0F THE x ~HOR~ZONTAL~ VARIABLE. 
XHAX IS THE MAXIIWH VALUE OF THE X VARIABLE. 
YHIN IS THE MINIHUH VALUE OF THE Y IVERTICAL VARIABLE. 
YHAX IS THE MAXIMUH VALUE OF THE Y VARIABLE. 
NXINTS IS THE NUMBER OF INTERVALS INTO WHICH THE X AXIS IS TO 

BE DlVtOED 
NYINTS IS THE NUHBER OF INTERVALS INTO WHICH THE Y AXIS IS TO 

BE DIVIDED. 

DO INITIALIZATION 
CALL CAllRAVt35l 
CALL SHALLV 
CALL FRAMEVIOl 
NX=NXINTS 
NY=NYINTS 
IF NX OR NY .LE. 0 HAKE THEM EQUAL TO I 
IF (NX .LE. 01 NX:I 
IF INY .k 01 NY:I 
SET UP VALUES TO BE USED FOR MARGINS 
HLml23 
MRn923 
MB= 123 
HT=923 
DRAW X AXIS 
CALL LINEVfflL.MB.tiR.HBl 
DRAW Y AXIS 
CALL LINEVlML.HB.ML.MTI 
DETERnINE INCREMENTS FOR TIC MARKS 
DX=IXHAX-XMlNl/NX 
DYsiYMAX-YMlNl/NY 
SCALE X AND Y VALUES 
CALL XSCALVIXMlN.XHAX.HL.lOOl 
CALL YSCALVlYMlN.YHAX,HB.lOOl 
DRAW TIC HARKS ON THE X AXIS 
CALL LINRVII.HB-2O.M~-5.MB*5.XHlN.xnAx.Dx.O.-l.-3.Bl 
DRAW TIC MARKS ON Y AXIS 
CALL LINRVII.ML- 90.~L-5.HL*5.YHlN,YHAX.DY.O.-I,-l,-3,10~ 
RETURN 
END 
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SUBROUTINE LABEL 76/76 OPT*2 TRACE FTN 4.60460 

IO 

C 
15 

C 

20 100 

SUBROUTINE LABELlIXLABL.NX.IYLAEL.NYI 

THIS SUBROUTINE IS ONE OF THOSE THAT PLOTS GRIDS 
ON THE SC4020 PLOTTER. 

THE MAXIHUM NUMBER OF CHARACTERS ALLOWED FOR THE X LABEL IS 54. 
THE MAXlMUtl NUMBER OF CHARACTERS ALLOWED FOR THE Y LABEL IS 38. 
INX=IABSINXI 
INY=IABSINYl 
IF (INX .GT 541 INX:54 
IF IINY CT 381 INY:38 . 
1X:500-lINX/2I*lB 
IY=5lO*~INY/21~26 
LABEL THE X AXIS 
CALL RITE2VIIX.60.1000.90.1.INX.1.IXLABL.NLASTI 
LABEL THE Y AXIS 
DO 100 I=I.INY 

ITEHP=lY-26*11-:I 
CALL RITE2VIIO.ITEHP.50.90.1.1.l.IYLAEL. NLASTI 

CONTINUE 
RETURN 
END 
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SUBROUTINE PLOT 76176 OPT=2 TRACE 

I 

cc 
C 

5 C 

C 

10 

15 

110 

100 

SUBROUTINE PLOTtX.Y.NBR.NSYHl 

FTN 4.6*460 01/10/60 14.12.46 PAGE I 

THIS SUBROUTINE IS ONE OF THOSE THAT PLOTS GRIDS 
ON THE SC4020 PLOTTER. 

OIHENSION XIII.YIIl.HARKPTl5l 
DATA HARKPT /42.16.55.38.44/ 
SYMBOLS ARE. IN‘ORDER: . X 0 m 
IF INSYM .CT. 0 .AND NSYM LE. 5) GO TO 100 
J=IABSlNBRI-I 
DO II0 I=I.J 

PLOT 
PLOT 
PLOT 
PLOT 

CALL LINEVI IXVIXIIII. I~VIYIIII. IXV~XII~III.IYVIY~I~~II I PlOT 
CONTINUE PLOT 
RETURN 
CALL APLOTVfNBR.X.Y.l.l.I.flARKPTINSYHll 
RETURN 
END 
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FkoorT 
PLOT 



SUBROUTINE TITLE 76176 OPT*2 TRACE 

10 

15 

FTN 4.6*460 

SUBROUTINE TlTLEIITITLE.NCHARSI 

THIS SUBROUTINE IS DNE OF THOSE THAT PLOTS GRIDS 
ON THE SC4020 PLOTTER. 

THE HAXlMUti NUMBER OF CHARACTERS ALLOWED IN THE TITLE IS 

ICHA4S~IA8SINCHARSl 
IF IICHARS CT I081 ICHARS. 
IF IICHARS CT 541 IX*14 
IF (ICHARS LE 541 IX~510-IICHARS/2l*l6 
IY=930 
CALL RITE2VIIX.IY.l0l0.93.l.ICHARS.l.ITITLE.NLASTl 
RET&N 
END 
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